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A major task of the Phase A-I1 bas beell the revision and refinement of the NASA provided 

lncasurcment list, h contrast to the detail prosrided in the phj siolozical iurd 1:tboratory 

evaluation are:,, the direction under the behavioral heading was very general, By means 

of an annlysis, more detailed requirements in these a r e s s  were derived for jrnplen~enta- 

tion. Most emphasis was placed on the laboratory evaluation because of the conlplexity 

of the problem and its influence on the IIVIB UB design, Although in Phase 35-1, GE 

recommended preservation and re turn  of all  samples, the 1974 proposed ilight date and 

enhanced astronaut trainkg led to a reappraisal. 

As the result  of the study revision, 165 measurements a r e  proposed for inc!usion in 

IMl3 LIbS (Table 1-1). 

Consultants - In the conduct of this study, GE utilized the services of outside consultants 

in order  to provide a broad view and critique of our progress and problems. For example, 

through Biosystems, Inc., we obtained the services of a variety of specialists, (see Table 

1-2) covering al l  measurement areas .  

Supplier Relations - In the course of Phase B-I and B-11, GE has been in contact with over 

121 suppliers of equipment and techniques for IMBLMS utilization. For example, in the 

area of biochemistry, we had profitable exchanges with the following f i rms:  

a. Harleco .. e ,  Nycel 

b. S K I  f.  Warner-Chilcot 

c ,  Dade g, Technicon 

d. Ames h, Lab-Line 



Ttblc 1-1. hlcasuremcnt Lis - Comc~~r isc i i s  

Number of Xleasurenlelits h'un~ber of Rlcasuren~ents 
Identified on NASA Phase ?3-I1 Recommenrfed for ClGZA!S 
illeasurernent List 

Physiological 

Iab Annlysis 

Behavioral 

35 (Note 1) 

106 (Note 3) 

2 4 (Note 4) 

- 
Totals 

NOTES: 1. Elastic leotard, central veilous pressure,  carotid 

stimulation a r e  not on recommended list. 

2. Many represent multiple measurements. 

3 .  Represent individual measurements and procedures. 

4: Individual procedures for multiple measurements on 

NASA list, 





1.1 WORKIYG DOCUI1IFKTS 

For each measurement, three documents were provided: 

a .  Functional flon7 block diagram 

b. RTeasurement specification 

c. Human engineering worksheet 

1.1.1 FUNCTION FLOW BLOCK DIAGRAM 

Function flow block diagrams were prepared beginning a t  the system level and extending 

down to the nleasurement level. Each n.leasurement was descr&ed in te rms  of the 

functions to be performed and the derivation of all requirements. 

1.1.2 RiIEASUREnIENT SPECLFiCATIONS 

The measurement specifications include a schematic diagram which shows the stimulus, 

sensor signal, signal conditioning, computation, control a d  sipla1 utilization. 

items a r e  the input and output on-board signal characteristics,  stimuli and calibration; 

ground output characteristics;  support characteristics and envi romenta l  data require- 

ments. 

1.1.3 HUMAN ENGINEERING WORAK9BEETS 

For each measurement, the worksheet includes human engineering design requirements, 

maintenance, safety, task requirements, displays, control lighting, restraint,  work-space 

factors,  time requirements, training requirements, and hazards. 

1.2 CREW TIME REQUIREMENTS ET 
I ' 

From the specifications and worksheets s e t  up, take down and performance times were 23 

collated. Totals were corrected for two-man operation, the use of simultaneous measures 

and for the effect of zero G on performance time, The final value was compared to the 

crew time available for* measurement a s  derived from the A A P  1-4 time lines, 



Although our estimates z re  prelhninnsy and there remain nl;:cy uaccrt:iirrtics ~ n c i  aassump- 

Lions, the crew time requirement for IAIUl,hIS is less th:xtl the tots1 txvnil~hle, &lajor 

changcs in time cstirnates a r e  ~speq lcd  nlhi i l  vehicic o@:.r,?iions t i m ~ ~ s  arid experilnerilal 

protocols a r e  estah1i:hsd. 

1 . 3  EXPENDARLES AIqD U)GSTlCS 

hi establishing repetition rates  for each measurement and the details of technique and 

p r o c e d ~ ~ e s ,  it was possible to make an initial estimate of the weights and volumes of 

expendables and biological samples Lmolved. Expendables include sampling and storage 

containers, analytical supplies, magnetic: tape and film. For a 60 day mission, a weight 

of 98 pounds and a volunle of 3.0 cubic feet is required a t  launch. A weight of 118 pounds 

and 3.5 cubic feet is required for sample return, including the preservation device. 

1.4 PHYSIOLOGICAL MEASUREMENTS 

Because these measures a r e  reasonably well defined a s  compared to the behavioral and 

laboratory evaluation a reas ,  GE has emphasized hardware implementatiun and procedures 

(Table 1-3) .  Considerations were limited to non-invasive techniques and emphasized 

safety and ease  of use to minimize astronaut training. An esample i s  the recommendation 

of the ultrasonic P ~ p p l e r  flowmeter which meets these requirements. This device also 

demonstrates the comnlonality principle by meeting four measurement requirements. 

1.5 BEHAVIORAL MEASUREMENTS 

The NASA measurement l ist  contains general behavioral categories. Accordingly, a "tops 

down-multi thread analysisu consisting of eight phases (see Figpre 1-1) was used to 

identify, t race and substantiate a reas  of behavioral measurement a s  a function of: 

a. Potential s t r e s so r s  inherent in orbital operations that could reasonably be 
expected tc  alter the behavior, 

b. The sensitivity o r  criticality of the behavioral mnasure selected was of such 
crit ical importance that monitoring i t s  status drrrh~g prolonged orbital flight 
was required, 
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The list of b~~hav io r . :~ l  cir: + r-?!*istics to bc measrrred ivps 311fllyzt'ci to cic~iielop techniques 

which provided rclirfild 2:. , %-lntitative cintn r:ihiie .i.llec.tlng as c l ~ ~ s e l y  a s  ~ ) o s s d ~ l e  the 

constraints imposed by sr- , r .~; .~~al  spacecrait phases of behavioral rileasurernents. 

The recommencled behavioi a: measurements ;xe givcn in Table 1-4. 

The m e a ~ ~ e m e n t s  have been organized urider the generic headings supplied by the NASA 

to  demonstrate the covere-c  and cross  correlation provided by the selected measurements. 

Each of the selected measures  was described in detail in respect to definition, rationale 

for inclusion, utility of cierlved data, and measurement techniques a v a i l ~ b l e  i?l LMEL;I.ilS, 

Instrumentation was descri3ed wherever capabilities existed. In all  csses ,  the instrumen- 

tation chosen was determined as ready for  flight qualification by 1971, While several 

approaches were of high ircerest,  they were not inclrtded because of their low probability 

of availability by 1971. 

Consideration has been given in this report to the relationships between physiological and 

laboratory evaluations and the assessment of behavior, Appropriate combinations of all  

categories of measurements a r e  an appropriate objective but raised problems with respect 

to experinlental design and crew time allocation. 

1 . 6  LABORATORY EVA LCATION 

Each measurement on the selected list, a s  modified by NASA, has been evaluated for 

possible inclusion in IMBLXB by the following cr i te r ia  in an on-board vs,  post-flight 

trade -off analysis : 

a, Safety 

b, Physiological Significance 

c ,  Complexity 



Behavioral p,?;:3nrttcr~ -- ----- - - - 
1. Arouea! Levels 
2, Psychomotor Function 
3. Shit'ts in Circadian Gjcles 
4. Physical adapt, to !Vt, k s s l w s s  
5. Personality Stability 
6. Emotional Stability 
7. Vestibular hlechanism Function 
8, Kinesthetic Function 
9, Anxiety levels 

10. Inter --personal relationships 
11, nlenlory 
12. Sensory Functions 
13. Cognitive Functions 
14. Time and Motion 
15. Mission Directed Activation 

Test  Technique 

DisL~il.xitioci 01 I ; ~ ~ L - : I : ~ ~ I ~ C ; ;  ( y - 1 ~  1 :I~c:~., oi 
--- -- -- -- --i-----_T. --- .- _ 

?$lea , u r e r - i ~ t a  

Scllsory Test  B a t t e r ~  -- - 
Visual (12) 
Auditory (12) 
Cutaneous (12) 
Ki~locthctic ( 3 ,  12) 
Clinical Evaluation 

Clinical Evaluation -- 
Crew Intercomm~~nication 
(1,3,4,  G ,  9,10,13,15) 

Learned Behavior - 
Reaction Time (2 ,3 ,4 ,  G ,  9,3.2,14, i5)  
Traclting (2,12,13,15) 

Vigilance (1,3,6,9,11,12,13,14,15) 

Memory ( 1 , 3 , 6 , 9 ,  I?,, 1- ' 5) -- 
Higher Thought I?-ocess (1,3,5,6,9,  
11,13, 149 15) 

Partial  List of 3leasurement Techniques 

Mass Discrimination Test Kit 
On board communication recorder 
Visual Test  Equipment 
Reaction Time measuring device 
Tracking Task 
Post Flight Debriefing 
Daily individual diary 
Periodic on board behavioral questionaire 
Vigilance test  device 
Blink ra te  monitor 
3 / ~  displacement device 
Vehicle activ iiy o r  event log 
Photogrametric analysis cameras 
Short and long te rm memory device 
Audiometer 
Cognitive function 

Behavioral - 1..! ,4,8,12,13,14 
Behavioral - I, 3 ,5 ,  G1 9,1O,  13,15 
Behavioral - 2 , 1 2  
Behavioral - 1,2,3,4,8,12,13,15 
Behavioral/Others -1,3,4,7,8,12,13,14 
Behavioral/Plns Others - 1,s.  - l , 5 , 6 ,  9 ,10 ,11 ,13 ,15  
Behavioral - 1,3,4,5,6,9,10,13,15 
Behavioral - 1,3,5,9,10,11,13,15 
Behavioral - 1,3,12 
Behavioral - 1 ,3 ,11  
Behavioral - 2,4,7,8,12,14,15 
Mission Operations - 1,3,9,15 
Behavioral - 2,3,4,7,8,14,15 
Behavioral - 1,3,11,13 
Behavioral - 12 
Behavioral - 4 , 3 , 5 , 6 , I f ,  113 



Test  Technique Q:;'n~uec\l 
,--- -. _E --* -- 

Otolith/vest~bui:rr I-i~echanism test  
Keto-stcriod analysis 
Eos inophil coulits 
Sweating profiles 
Body weight 
E MG 
Heart Rate 
Blood Pressure  
Body Temperature (core) 
Respiratory ~ a t e / v o l u m e  
Metabolic Profiles 
EEG 
Muscle strength 
Muscle enclurance 

B:lrc?~i~ eier (Cold inuetlj 
-<------- ---.-- - 

~ e u r o l o ~ i ~ a l  - 2 , 4 , 7 , 1 2  
Biocllernical - I ,  3 , 5 , 9  
Bioc~lemical - 1 , 3 , 9  
~ ioche r~ ica l / rned ica l  - 1 , 3 , 9  
Medical - 4 
IkIedEcal - 1 , 2 , 3 , 4 , 6 ,  S 
Medical - 1 , 3 , 4 , 5 , 6 , 9  
Medical - 1 , 3 , 4 , 5 , 6 , 9  
h'ledical - 1 , 3 , 4 , 5 , 9  
Medical - 1 , 3 , 4 , 5 , 6 , 9  
Medical - 1 , 3 , 4 , 5 , 6 , 9  
Neurological - 1 , 3 , 6 , 9  
Muscolo Skeleisl - 2,4 
Muscolo SiseletaI - 2 , 3 , 4  



d. ~ l ; i l l / ~ r n  ining Rec{uire~ncnts 

e .  I ~ a d - t i l r ~ e  n x d e d  for On-L"Jo3rcf. :bJct~ifx!s :ulcl Ii:ii.du:are 

Procedures vhic11 a r e  sensitive, precise and accuralc were sought for on-board perform- 

ance. The resul ts  of this trade-off a r e  shonm in 1-5. Measurements, iiot included 

in the latest NASA list, were not evaluated. During the eouz*sc of in-horrse alld funded 

studies, more than 250 measurements have been evaluated and t'ne present measurements 

included in the on-board and preserve categories a r e  sufficient. 

Equipment which supports a number of analyses has been s t ressed,  with single-use 

devices kept to a miliimum, Centrifuge, microscope and cor~trolled-tempcratwe s tomte  

capability can be used to support a variety of experiments. Addition of a spec'rrophoto- 

meter/densitometer function and radioisotope sensor greatly broadens the on-board analy- 

tical capability. 

Currently available hardware a s  well a s  concepts in various stages of development for 

automation of biochemical analyses have been considered for possible application to 

IblT3LMS. All commercially available devices a r e  u~suit:ible for DIBLLLS use. However, 

a research  and development effort* sponsored by General Electric is in progress and may 

well resul t  in hardware applicable to IMBLRIS. 

hlodif ications of existing biochem ical techniques by simplifying wet cliemistr ies o r  devis - 

ing "dry" methods have been evaluated. While all  present methods require some modifi- 

cation for flight w e ,  those recommended for on-board use require the least development 

pr ior  to flight qualification. A sizeable a r ray  of additiorlal on-board tests would become 

available for IMBLhE measurements given an enlarged research and development effort. 

*The vendor is not working under this contract, thus the Eights to Data Clause of this 

contract does riot apply, 



On -Bo:ct.cl Preserve (C!O:T! ill11cC1 

Accurate Fluicl 'tltalre 
Sweat h!easurc,~~ent and Sample Ret~trn 
Accurate Feces Wet TKeiqht 
Accurate Uri:-ie Volume 2,leasurerfient 
Routine LTrinalys is 
Plasnla Volume - Plaslna 
Yematocrit - Blood 
Yemoglobin - Blood 
RBC Mass - Blood 
RBC Survival - Blood 
Blood Cell hlorphology - Blood 
Reticulolyte Count - Blood 
Bleedhg Time - Blood 
Clot tkg Time - Blood 
Lymphocyte Karyotypir~g - Blood 

Total Amino Aclils - Urme 
V nl,n - Urille 
C ~ e a t i n e  r!td Crcat in~ne  - Urine 
S~iifate - Ur hit 
il'Iinera1 &lctabolis:r~ hy 1sc)toplc 

Techniques - Serum and Urine 
Glucose - Serum 
Immunoglo'uuIins - Serum 
Fibrinogen - Plasma 
LD:-I and L;D Isoenzpmes - Serum 
Transferritls - S e r w  
ACTH -- Plasma 
Alkaline Phosphatase - Serum 
BUN - Serum 
Ca and POti - Serum 
Cholesterol - Serum 
CPK - S e r u n  On-Board with Post-Flight B a c k u ~  

Gl~zcose - Serum 
SGOT - Serum 
Bilirubin - Serum 
Alkaline Phosphatase - Serum 
CPK - Serum 
BUN - Serum 
Lactic Dehydrogenase - Serum 
Protein - Serum 

Urin Acid - Serum 
Calcitonin - Serum 
Par~thyroicl I-Iormone - Serum 
Antibody Titrations - Serum 
Bilirubin - Serum 
Complement Titration - Serum 
Electrolytes - S e r u n ~  
Protein Electrophoresis - Plasma 
Prothrombin Consumption - Serum 

Preserve 
F ree  Thyroxine - Serum 
SGPT - Serum 
SGOT - Serum 
Total Body Water - Blood 
Total Protein - Plasma 
Blood Lipids - Serum 
Fibrinolytic Activity - Plasma 
PBI - Serum 

Return of Total Dry Stool 
N, Cay P, Nay K, C1, Mg - 

Urine and Feces 
- Body Microf lora (Cultures) 
Environmental Cultures 
ADW - Urine 
Aldosterone - Urine 
Cakcho 1s 
5 -H IAA -Urine 
Hydroxyprolines - Urine 
Mucoproteins - Urine 
Pyrophosphates - Urine 
17-Hydro,uycorticosteroirls - 
17-Ketosteroids - Usins  



Table 1,  5. Results of On-Boarti VF, PC?%:- Flight A I I Z ~ ~ S I S  ' F Z ' : I C ~ ~ ~ O ; ~  ( ~ ~ ~ : ~ : i ~ ~ ~ ~ ~ ~ j j  

On1 jt 

]Tistarnine - Urine 
Blctai~cphrine s - Urine 
Parathys-c)jd I-forrxsne - Uri r i e  
Hemoglobin Elec trol;horesis - Blood 
IiIethemoglobin - Blood 
ADH - Serum 
IIistamirle - Sernm 
RBC Enzyme Studies - Blood 
17-FIydroxycorticosteroids - Blood 
TBPA - Serum 
Glucagon - Serum 
Growth Yormone - Serum 
Insulin - Serum 
Serotol-iin - Blood 
Thyroid Bo~md Globulin - Serum 
TSH - Serum 
RBC Fragility - Blood 
WRC illobilization - Blood 
Platelet Adhesiveness - Blood 
Bicarbonate - Blood 
pH, pO2, pCO2 - Capillary Blood 
Clot Retraction - Blood 



I. 7 PI3 E C IS TOY - , ,'\CCX:RACY 

A major co~lsicicr I 111 the IaborZtory ebyd~,~Lion uac' the prc>cision , ? I I ~  acc1rracy 

recluire~llent, TIlc jar intent of the Z31nL:iIS :)rOgiZ1ll iz 1Xe development of thc lnealls 

for  the detcctiun cf '  *rsiologicnl changes in respollse to the spzce envj-~.onmcnt, to 

dis t i l la ish the SIC; -9m the well in(ji17idtral in the hosp~tr;l. Such detectjorl should be as 

early a s  possd~lt .  t ij,,,it the establlsl._mcxL of trends for p~cdic t ion  to lollger missionas 

To meet this objece i:, we have established precisions and accuracies in the technique 

selections at  + - 5'7. ; url;her detailed study of individual rneasurelnents and their special 

requirenlents is nec .,;:d. 

the electrollic :tj I , a similar level of precision and accuracy from sensor to ground 

control has  been e c  *i,jisBed. h Volume 111, four cases  z re  studisd assigning precisions 

and aCcuracies Lhl.(i1ji;h the data link. Five percent appears to be a reasonable objective. 

1.8 DATA QUA LI'I 6( 

The overall data qu:, I ity is subjected to a variety of influences. With the development of 

new ecluipments . < i ~ ; l l  il ied for  flight and new pr-ocedwes a s  the result  of crew safe@ 

considerations, : :;fiItr;tantial program of validation may be required including double- 

blind procedures, (%;, r.efully prepared standards and statistical analysis. A similar 

validation Progr::I:I  ill be required to establish the validity of prolonged storage of bio- 

logical samples ltle absence of si,gificant degradation of the materials of interest. 



SECTION 2 

Ai\ ; i i i t ! IS  OF  iiiEiiSXiEIbIE,XT G[  JiL>E LTSES 

2 . 1  GEXEIIAL Iil'\CI(GROUND DESCRIPTIOT~T --- -- 
A bnsic ex;~erimen'L~l logic underlies the corieeptio17 of a hledieal ancl Lichavioral Lahrn to ry .  

It i s  that the crew i n t e r ~ ~ c t s  physic~lcrgiezll:~ nnd bchasrlorail:~ with the ellcironilier~t provided 

than by the dcsigu engineer and the nlission planner. This cnv-ironment encomlaasses the 

gaseous composition and prcssurc,  the inlposed work-rest cycle, the nutritional provisions, 

the radiation level and a variety of other featcrres which result  h o m  analytical, design and 

test  stl~dies.  The major physiological and behavioral relationship of the crew with the 

space env i romen t  itself i s  the exposure to weightlessness,and the effects of this exm>sure 

forms the central core of the Laboratory program. 

The estab1j:sIunent of a meanin,@ul Laboratory study of the eficecls of weightlessness on man 

requires the reconciliation of hvo divergent views. If the effects of weightlessness a r e  

regarded a s  operationally significant and a threat to the physiological avrd behavioral integrity 

of the crew, it is prudent to undertake a s e r i e s  of weightlessness countermeasures jn order  

to colltrol such effects. If such a course is adopted and is successful, the experimental 

program becomes a validation of the prescribed regimen. However, if the effects of sireight- 

lessness  a r e  physiologically and beh::viorally nleasurable but not of such a nature as to be 

operationally significant (this has proved to be the case i n  the current flight program), the 

way is open for  cautious exploration and the development of a data bank which wil l  permit  

predictions to extended orbital stay times, optirnization of the imposed environmeng and the 

development of cr i ter ia  for long-term monitoring. 

General Electric has followed with great  interest the evolution of the NASA Aledical and 

Behavioral Laboratory program from its inception in 1963. This evoh~tion, from the ear ly  

measurement-oriented studies of Republic and rc'ortl. American to experiment solicitation 

from the scientific community and their integration in  a variety of vehicle concepts (Lock- 

heed, Martin), the winnowing of the e'uperiment l is t  by intense in-honre revie:\- and the 

estensive skidy of one G time lines In the LEA1 mocimp by Lockl;liic.ed, h a s  resulted 12 a 
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solidly-basctl c:,~cri~z~cnx;'tl program, In parallel, iIlo Gener,?l 3- l~ct r ic  C70n;pr,ni, blrssrlc: 

and Spatc i)lvislon xn aSSoci:iLion nit11 Aif I;oree has contii~cted s i n ~ i l a r ,  but  l ess  cln-  

borate studies in rclr1;on to thc Orbiinl Spnce S~ation Syatenl Siuily alzd tile &Ianned Orbittll 

Laborstory Program including a thirtj--day anti a fifteen-day 5\3;zce Enirironn~e~ilal Simulator 

confineinent study and ex?ensiiie stuiijes of Jmrnar? perfc;rrnznce in runderivater sirnnlatjon. 

2.2 APPLICATION O F  THE NASA 3IEASUREbIENT LIST 

The basic design requirements for  the Integrated Medical and Behavioral Laboratory 
ccrr ---. --eL esn_ - , - .?-l--' -*-19-,v.ii;_ ---, ---- -- -- r o a u r n - . u w Y  I-- -.-PI----- -------- 
&Ieasuren~cnt Systeni utilizer1 ~$~Ir ing this Phase 6-11 contract were contained in a l ist  of 

-a*--- - --- - -- ---X-IIIII  -̂---- 1 -aDX-IÎ -IA-. - - -i --- .- *->2zdp % * 

measurements forwarded to the contractors 21 Novemher 1967 by XASA IIeadcltlarters; a - - - -  --a ---- ?-**s-- _ * & I _ _ C _ # _  -,-- _ _  _ _ - * _  -- . - -  * - . - -- - ' - --.- - e  ---- *, . -* - 
copy of which i s  fo~mcl in Appendix A for contractor anzlysis and recoinmendation, Three 

categories of n ~ e a s ~ ~ r c m e u t s  were proi-icied: a SCJ-ies of measuremeirts v, hich were requirec!: 

a s e r i c s  which were not required Islit reco~nnieuded; and a s e r i e s  for which provision was to 

be made in the event a specific requirement should arise.  A major task of this I h a s e  B-I1 

study has been the critique, rexision and refine~ilent of this list. 

The proposed NASA e,qerimezCal nieamrements a r e  essentially of tsvo types: static and 
. . . _ _ + I I- -. . - -__ *- ? --->A- -.A >A ----*-A a 9 -- - AM------- 

dynamic messurenients. Static measurements consist of the systematic colieclion of data -------- _ ~ - ~ - ~ _ _ _ - _ - - - - _  ----Ye.-? - - -  --- 
by observation and measurement which, following analysis, will be displayed a s  a function 

of elapsed tinie in  orbit o r  other niission variables. Dynamic lneasurelnents consist of the 

systematic stressing of experimental subjects to produce physiological responses (provo- 

cative testing), e. g. , the manipulation of a n  experimental variable to produce a response. 

This classification may permit a more orderly identification of major pieces of equipment, 

the interactions between e,xperimerjt protocols when they a r e  combined and the sequence of 

progression o r  growth of experiment capability. Fo r  instance, three major pieces of equip- 

ment involved in ityilamic exqeriments a r e  the Exercise Ergometer, the Lower Body Nega- 

tive Pressure  Garment and the Rotating Li t te r -Ch~ir .  Each of these presents problems with 

respect to the vehicle interface (swept volr~rne, attitude control torcices, etc.)  2nd each may 

serve a s  a central experiment around which to grorrp static meastzsemcnts, 



Static ~ t ieasurcn~ents  mny Itc classific\d aceortill?,: to their proqri\sai:7(; corrj!;fe.;ity, ci l~. l ip-  

illent I ' C L J L E ~ ~ ' C ~ ~ I C ' I I ~ Y  2nci  Crew c:l~:li>lii t i i '~ i;;r?:.? t l":tl :r~rtr; ,  '1 hc (*inssiiii.nLlcirl i~sciu[ic 5: 

a. Prc-  nnc ::ost-i'l~gi<t snn~pling 3i;d l,!ea,urcx;;e?ix, ~ t l t ~ c h  \riil be conli~x~ccl in th? 
AAP flight p r o g ~  ams. 

b. Infligl?l satnpling, puoscrvxtjolr slo~-agc :::-id return of biological s n r ~ ~ p i e s .  

c. Inflight measrtfement, recorcling, cilsplay and lel cnletry including selected i i o -  
chemical meas-L~rement. 

d. Inflight data reduction and analysis by the flight crew including computer manipula- 
tion of data, data com?ressioil and eslws-iment reprogramming. 

2 . 3  USE O F  A A P  APPROVED ESPERIXIEyTT I'ROTOLS - --.--- --------- 

The KASA l is t  represeats a tabulation of ~neasurenlents.  In order  to prosiclt: additional 

contractor guidance, NASA h:?s made avail 
-,-s* 

and discussions between GE ancl ~I te  Principal Cooi-dimtin% Scientists at ,\IS 
_ _ _ ~ _ " , ~ % . ~ d - - . - - ~ - - ~ - _ - _  -_-- _ _ - ---- - - -- -- 

been procluctive in understanding the probable use of the nieasurements a n ~ ?  the esperinlenters 

intent, Many decisions relating to equipment arid procedures have bcen n1a6e in iht? absence 

of knowledge of the use  to which they will be put o r  the desires of the indivick~al experi~lzentors 

who 1vj.11 use  tneln on the designated second cluster. 

For  exaniple, in developing the measurement frequency scheckle we have not been able 

adequately to reflect requirements for two-astronaut participation. S im~~la t ion  (neutral 

bouya~~cy) will be r e w i r e d  clearly to establish the effects of ~veight!essness on performance 

time. The needs of experii~ienters for siin~lltaneous measurements, prolo~~gecl esperilx~elits 

with periods of subject r e s t  to reach control conditions and desircd repetition ra tes  

can only be approximated. The establisliment of protocols will throw into focus nl~easurenient 

interactions such a s  inconlpatibilities in preservation requirements for biological samp7?s, 

the effects of exercise,  sweat loss  and ealci~u~il  balance, tbe interactions in the use of 

labeled compunds and the use of exercise and LBNP a s  provocative tests and counter- 

measures. 
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'> i '!'jTf?I<Arr C)F t:<E!Cj4T?,F,"S)11:$;; Ay!) 7 "5 L1?<'! II:!C.-?LA pI.:C!floN 
" +  = ----- - ----- ------ 
Froin t h r i  opill :\liot;al pc'lnt ot vicn the long L C ~  111 L ~ I ~ X S ~  0 1  t h ~  I;iiT3L;?IS :1rdg?=3:3 r' 1 ~ I P S  

to the tlircat of \ \e~ghllcs>nilss  ai,d the rccjurrcrrlcnt for counlcrmc~asurcs. Anlong LElc pro- 

posed countcrmcasure proccch~rcs i s  :rrtific:rl gravity bj- spacecraft rotation. The IAl7JLiIS 

progrnln i ~ i l l  tes t  the it;-poiilesis that the !~'nysiological anti behavioral aclaplations to zero G 

a r e  3ppropri3te and do not affect on-orbit opcr:rtions ancl that the earth-based proceckres 

such a s  ~ x u t r a l  buoyancy and bed ~ c s t  a r e  uscfirl analogies of ~veightlcssness. The threat 

of zero G, if it es is ts ,  relates to G tolerance aild vellicle control during reentry and at 

parachute deployment, landing and capsule egress.  

If this threat is real,  physiological counterrneamrres during orbital flight (exercise, lower 

body negative pressure) 2nd c r e w  protective devices (elastic leotard, 6-suit)  during re- 

entry must be evaluated before recourse fa the difficult design solution of spacecraft 

rotation. 

2 .5  MEASURESZENT CATEGORIES 

For  this report the measureme:its have been divided into t h e e  major categories: 

a. Physiological measurenlents 

b. Laboratory Analyscs 

c. Behavioral Measurements 

In Phase Y-LI, major emphasis has been placed on defining the laboratory evaluations and 

behavioral measures  and in the implementation of the physiological measures. 

2.5.1 PI-IYSIOLOGICAL MEASUEEMENTS 

These measuremenis have been divided by body ftlnctional systerns. In this category we 

include neurologicnl, cnrdiovaseular, respiratory, metabolic 2nd nutritional measurements. 

They reflect a I)alaitczd approach to the pbysxological effects of prolonged -vveightlessness a s  

describt2il r:l!.sve, 



2 , 5 . 1 . 1  NcuroIo31cnl Silcrisurc.mcni.t - -- -- -- 

In the nea~ologi tn l  :ires wc a re  in-tp**ess!'d 1% Ath the ncix;atlcc,ci st:~te of dcveioprnenl of 

rntionni tcetlui:ittc.;, proceciures a i ~ d  h31 tlnnrc for- Ille conci~ret of 1nc11rii1qtui I ~ \ ~ : I c u I . I ~ -  

mznts. 'I hesc txznstarcs :ircl c l i r : ~ ? t i d  toT:"' r,?- !LC -.iinptst:(bi::, ( J ;  t i ~ c .  vt.srlbul,~;. ,.;y,,ei.r:: 

l)i-il~~:iril? to ~,ve:~htlessncss.  R e s i ~ i t s  o f  Ihc sP siui!es n.ill ;lor, ]lo\! e\-cr., I,c>nr7 r i l x j ~ l  t f i ,> 

artifical G decision v&ich depends upon cidtn cievelopt~ci in tile ~ a r d l ~ i ~ n ~ ~ u l ~ r  ancl otlicr 

areas .  

2 . 5 . 1 . 2  Cardiovascular n;e;~sur.emcnts 

Adaptations to weightlessness will be f i rs t  revealed in cardiovascular variables. 

Altnougn instrumentation for  many of these variables is primarily electronic: the re -  

quirement for the use of non-invasive methcds has a significant effect on precision and 

accuracy. The use of exercise to establish the level of physical fitness and the L B N 3  

to establish the level of adaptation to hydrostatic forces form the central test procedures, 

We strongly urge a n1oasu-i.e of leg circumference in order  to clcscuil~c 'i eilsus con:pliane-. 

on the basis that a major target organ for  zero G adaptation is tne venous system. We 

recommend the use of the transcutaneous Doppler floir~meter system lhce?:r_;e of i ts 

versatility in measuring flow in many locations and its convenience for sstronaut use. 

Research is active with this instrument and although its limitations a s  a flowrnetcr, 

e. g . ,  vessel diameter change, a r e  known, it appears a s  the major candidzte at  Ynis 

time. Facilities for the indirect Fick a r e  also provided. Our studies have not 

supported the inclusion of the inlpenclence cardiac output systeltr because of accuracy[ 

and p r e c i s i ~ n  problems discussed in detail in our Phase R-I report ,  

From the safety point of view we cannot support ar ter ia l  p i~ i~c ture  o r  venous catheteriza- 

tion. Caroted sinus stimulation appears a risky procedure. %'e have studied bailisto- 

cardiography and find it to be a relatively pure research study within the space flight 

corltext and depending upoil the protocal selected, a heavy load on the data manage- 

ment sys tem. 

2.5.1. 3 Resp i r z~ory  hleasure~nents 

Respiratory variables a r e  reqrrirecl in the evaluation of physical fitness and gene1 a1 

metabolism. Although n7e recognize the potential alteratit?tis in  respirr t t io~~ f x ~ t t l o n  

which may ensue fronl the aitercd ntinosphcrie prcqsui'e 21;d eoitrposition, tile pn: s;%,i;. 

redistribution of blood i l l  zero G ,  am1 tlie ascent of th t  viscers,  these eiianges 
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rcprcsent flu opcr:ttior~nl threat pnr t icu lar l~  \shci.c 2r1 inert g:~s  i s  prcscnt in  

atxn2spher.e as  plsrlned tor ii..4P, X tr;criern! inx~rcst~gtttroi of ri3.in in  I ~ : I C C ,   POL^^ vt"r, s~?oiiid 

seek data r t la ted to respiratory funetlc,tl, tltc oc'cr;s-.:,ellce of :it<;lnclxsih :rl,d silunt, el-ideltee 

at unever; \ entil3tic>n, airway potency, Iung ~ t _ n c c h a n ~ c ~ l  proper-iles arid altered t i ~ f f u s i ~ n .  

2.5.1.4 Metabolism and Nutrition -- 
n'letabolic and nutritional measures a r e  second only to cardiovasciilzr measures in the 

physiological area.  Not only a r e  quantitative data required for logistics purposes but 

the general health and well-being nsay best be measured by water and food input-output 

estimates coupled with accurate measures of body weight. 

In the NASA measurement list the IMBT,NIS contractor i s  asked to "provide for": 

1. Accurate urine volume and fluid intake measurement 

2. Accurate wet weight of feces and the return of dry stool 31163 

3.  The return of all food packages marked by date, time and k$hldu;ll, 
e 

GE has interpreted tnese requirements in t e rms  of the development of 

specifications. In our interpretation the equipments ~ th i ch  perform thesc functions 

a r e  GFE and a t  present a r e  not clearly defined. CIIIBLnqS provides a services  interface 

in te rms  of power, pneumatic source and data management. At present preserva.tion 

and storage capability for fecal and food residue is not included in IM93LW. 

IMBLMS will provide a growth capability to extend the understanding of mineral metab- 

olism by isotopic methods and the quantitative measurement of demineralization by 

bone densitometry. Studies in gastrointesterial physioiogy, now under intensive con- 

sideration in the USSR, will be extended in the future and D1BLM.S will accommodate 

an endoradiosonde. 

2 .5 .2  LABORATORY EVALUATIONS 

The poteizt ial for hraadenicg 2nd cieepening the ~i~dcrctanii111rz; oi" QI:? ptzyc :( ilcgle3l c E C c 2 ~  7 s 

of pro1ongt.d weightie.;sness by on-'uoar~l amly5ic,, o r  by prcservotron, storaqe and ~ C ~ U L ' L I  



of biologic31 s:~mples formed 3 major c.tr.rnenl of the GI< IJk:~se 13-11 stucly. For thls 

stuciy, the gro~i,nd r.c~!es of rr 19'7 1 !airnc.h (rlnle 2 , H E  f'itc' prcscnfe of :r '%m~ciic.:~tiy tr:liiiciiV 

, ~ s t s o n ~ u t  in t~;e  crew le7d to a ~.czipprai.z:il of tile Phase  13-1 concl~!sron tl-i'ii 311 spc.cimt.ns 

s~iould ' ~ e  stored. 

Ln consjdering \l;hicn of the proposed mi.nsrrrernents might be cor~sidtrates  for on-hoard 

arlalysis a significant consideration x7as the accuracy, p~.cvision a ~ t d  sensitivity of av3il- 

able techniques. IMB1,:JS mus t  address itself lo the citteetion of !~hysiofogicaI cht\ilges 

related to exposure to the sp3ce cnvironmeilt. For this purpose, accuracies and pre- 

cisions beyond that required in the clinical hospital laboratory a r e  required. In the 

latter environment tes ts  a r e  directed towards distinguishiilg tllc sick from the well 

individual. The requirement for  15 percent a.ccuracy, which woultl permit detectioil 

of early changes and extrapolation to long te rm missions, has severly limited the 

selection. 

Each measuremerit has  been examined in t e rms  of physiological significance, complexity 

of equipme~lt and procedures, crew skills and training required, sxfety, redundancy or  

overlap of the measurement with others and hardware development lead times. We have 

reviewed the tat?-of-the-art  in equipment ,md techmques for the conduct of autcmated 

chemical analysis in space. No coin-mercial instrument meets the IBEE3L?,Zij requirements 

for  performance of precision, accurate measurements on a wide variety but generally 

limited number of samples.  Such equipment has been developed to handle hundreds of 

a limited number of wet chemistries per day. Other techniques using paper tapes 

(Natelson) and premixed regent kits (Dade, Harleco, SKI) have been examined and eight 

measurements a r e  proposed using these la ter  m e a s u r e l ~ l e ~ ~ l s .  Twenty-four measure- 

ments a r e  proposed for  omission from the current  list. 'The balance a r e  recommended 

f o r  storage and post-flight analysis. 

The biochemical, hematological, cytological micriobiological ant1 im?nunological 

lneasurernents, whether performed in flight o r  post-flight, reciuire ail ex-tensit e 3rSay of 

exyxnrtnhles for sampliilg arid sample preparation. Rased on the measirrcrnerit 

frequency schedule deveioped during this stucly approsrmrz~ety 12- 22 ribs per \\,ce:.r are 

required to support such studies a s  initial on bo:ird stocks or  by resupply.  
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The clrcality oi l ~ e  data th;ti irlay be obtamed will bc? sr tbjee~ to '3 variety of inriuences. 

P,ccn\~se uc>:\., fl igk i ; -c j r~ : r l i f i~~I  eclr!ip~i;cxni: iirii1 ~ J L  1:si.d and,  I l l  S 0 t ; l C  CrtSPS, 110'.i7 . 
iccirnii]lits e'i-i~ltiL~~i, 2 i)L'O'.L':? 111 uk "\i;tii(idi:ciil of ",ii)ih ~ ~ u i p i i i ~  iit 3iid i l l i? f i l~ i i !~ ,  l*.i:l k j ~  

involvmg ci,~uliic i,llnd ~~roccrilrrcs v:t~h tarciuily p r c p ~ c c ~ i  slarldards and 

statisticnl ann!ysis. Degraciatiot? of biologicai samples s~~njeciecl to pro1onyt.d stor:~:;e 

in  orbit, clturiiig rcentry and trarisport to grounct-bssed 1abora:orit.s requires ixvest~g2tion. 

Finally all tech11 iqucs and proeedurts must be cons Istent with astronaut capabilities. 

2.5.3 BE!IAVIOlZAL PIEASUREBIENTS 

Tn contrast to the NASA measurements proposed in the physiological arid laboratory 

evaluation a reas ,  t,ile teenniques and procedures provjdcd under the behavioral heading 

a r e  extremely general. To provide srfbstance and rationale for these measurements s 

"tops -do\iliiw analysis was performed. From n~ i s s ion  operatiions rcquirernellts, veflicle 

and equipment constraints and the nature oi- the space environment, potential behavioral 

modifications and their manifestations were developed. From these measurement 

techniques, procedures and equipment requirements were defined. The met;surements 

were then distributed among the board NASA categories. 

Because no single measure of a single parameter is adequate to define may behavior31 

area ,  individual techniqves and procedures have been grouped in fifteen functional 

behavioral a reas  and the contrlhutions of the physiological correlates,  measurements 

were then distributed arr~org the broad XASA categories, 

Because no single measure of a single parameter is adequate to define any behavioral 

a rea ,  individual techniques and procedures have been grouped in eleven functional 

behavioral areas  and the contributions of the physiologieal correlates,  measured else-  

where in IfviBLblS, indicated. In this section of the report certain new instrumentation 

alternatives a r e  dedcribed which appear promising bat deveioped too late for itncorpor- 

ation in tne baseline system. 



clztious are set for;?? i n  tiet:iil, Fool- cncl, n~i>as~urcrnei~t t l - ~ c c  ilocun~rilts I1n\7e bc>e~? 

dcvclopecl: a ~ I e a s u r e n ~ e n t  Spccii'icatiotl (.\ppe~~dix A), n h n c t i o u  Ron Ulocii Di::gra~n 

(Appendis C ) ,  and a I I~i~nan Eugi~:ecvi i l~  ii 'o~k~i1cci (Appenciis C), 

2.6.1 MEASURER'IENT SPECTFICATION 

Each specification contains the  following inforlnation: 

a. Measurement narne, purpose and recolnmended technique, 

be Measurement function flow back diagram including stimulus, sensor 
signal conditioner, computation, control arid sigr~al utilizalion. 

c. Illput Signal Characteristics. 

d, Stimuli and Calibration Requirements, 

e, Onboard Output Characteristics, 

f. Ground Output Characteristics. 

g, Advanced evaluation techniclues which may impose a change in siglal processing, 

h. Support Characteristics, 

i. Environmental Data Requirements, 

j, Estimated times to set  up, perform and secure, 

k. Estimated Measurement Frequency. 

2 .6 ,2  HUMAN ENGINEERING WORKSHEET 

For each measurement the crew requirements for performance a r e  elaborated under the 

folloiving headings * 

a, Measurement technique description, 



b, IIumrtn engilleering dcsign requireme~;ts ilze1trdir;i: oper*alions, l,~ainlenaiiee 
and safety, 

c ,  Human p e l - f o r i ~ ~ ~ ~ n c e  r.rc1uircillelits iil~lrci?i,:;$ t'is!; rec~:~frerne~~ls, eyuipz~~el~t  
retluiremento (clispl:iys, controls a.ld suppor t ei!lupment), 

d. Environment recluirements including ligiiting, restraint, work-sp-rnce, etc, 

e, Time I2equire11-e nts . 
f ,  Training requirements including capabilities, skill, Icnowledge a ~ i d  

training methods, 

g. Potential Hazards, 

2.7 STJMMARY - 
The revision of the 1.I'ASA measurement l ist  detailed in this report has been used to define 

a baseline IhlBL%IS concept, Two alternative concepts also have b ~ e n  de t~doped using 

only selected measurenients and subserving different and more limited purposes, The 

l is t  in  i ts  present form, x6:e believe, adequately meets t&e NASA objectives of providing 

the medical and behavioral data needed to assume crew survival m d  performance during 

the prolonged missions contemplated, 



The biomedical nlc:tsurenieuts ciiosen for. inclusion h tile IhlBLAIS rlcsigx tii~d inrcluding, 311 

three a reas  of observation hnve had to meeL severnl selection cr i ter ia .  

Foremost anlong the cr i ter ia  considered bas been the safety and well being of the subject 

astronauts,  within the limited bacitground of information avsilable (state-of-the-art) for the 

several measurements. Great emphasis has been placed on safety through use of non- 

hazardous equipment and reagents.  Protection against electric shock potential, the flamma- 

bility, noxious nsture and volatility of the potential reagents have been considered 31ong with 

the possible explosiveness of any chemical system. Safety nionitering though listed a s  GE'E 

i s  a prime responsibility and concern of ali  involved. 

ZMBLPllS by definition is an information gatTier?;llg system and a s  such we cxn foresee many 

useful techniques and improvements evolving in both the state-of-the-art and philosophies for 

future advancement. In the a r e a  of Clinical Laboratory analysis alone we hope that the 

IMBLMS effort may bring about some additional standarization of techniques with improved 

accuracies.  Our general I\?lowledge of cffects on behavior and physiology of closed eeologi- 

cal  systems at zero G should with IMBLMS be advanced to a point where feasability of future 

space explorations of long duration can more easily be resolved. 

The impetus provided by the IMBLAlS requirements should lead to new philosophies of 

methodology in meeting every increasing health needs. New ideas, techniques and equip- 

ment for measurements will evolve. A great need for uniformity in the a r ea  of laboratory 

analysis will be fostered by the very nature of the system. 

This impetus also will overflow into the physiological a reas  with the increasing need for 

development of unique biomedical ir~strumentation. Items, currently envisioned ollly a s  

conceptual drawings, will soon become integral comDoiaencs of tvorking d i apos t l c  



equipments. What effect tlrcse mjgh: Y7x;;.e on t11e f ~ z ! i l ~ . ~  I~i,:rlth and ~rc ' t f~ i r~d  of tho gecernl 

popitl:rce c:tn only IIC opf?n -lo co;ljtc:tir,.. !":) !>i~tiei cL '!ib.;,r.eyer, thq t  IlLlirl 3.TS wil: 'rj" a vit:ll. 

contributior~ to many _tr.cas of health irnprovemeilt in aclditioil :G LIie currently proposed 

sptlce miss  ions. 

The field of mental health also stands to gain insight into whtlt may occur in closed ecologi- 

cal s y s t e n ~ s ,  whether a t  zero G o r  not, and coulii have long term sccial implications in such 

a reas  a s  environmental and especially u n d e i ~ a t e r  str~cties, 

3 . 1  SUnIMkRY -- O F  PHYSIOLOGICAL -- hIEASLTREMENTS 

The physiological measuren~ents  discussed below include all  teclu~iclues, procedures arid 

equipments listed under the XASA headings of neurological, cardiovascular, respiratory, 

n~etabol ism and nutrition with the exception of the laboratory evaluations proposed in each 

a r e a  which a r e  covered in Section 4.0. Relationships with the behavioral a r ea  a r e  described 

in  Section 5.0. 

In general, techniques, procedures and eyr~ipments for the performance of physiological 

measurements a r e  further developed than in the other a ress .  However, the requirements 

to minimize complexity, crew slrills and training required and hardware lead t i n ~ e s  and to 

maximize safety has lead to the adoption of a non-invasive approach to physiological mea- 

surement. This approach cannot help but have an  effect on precision and accuracy. hn some 

case, the precision and accuracy of in flight tasks can only be improved by the conduct of pre-  

flight ground control invasive studies on the individi~al astronaut who is to be measured in 

orbit. 

The proposed NASA measurement l ist  i s  a well-balanced one. In oaly a few cases do we 

take exception to the ilclusion of individual n~easuremezls  in this area. for the reasons stated 

in the descriptions which follow. 



3 . 1 . 1  MEASUREBIENT SELECTION 

rJ1 order to r.ssces ~"jectivcly the rul;iti,~c in:l?clr'dtnncti 01 rne:lsurci~er:t:, in i l ~ e  p1-i~ sioic,=ic:xl 

element, a t r a c i e ~ ~ f f  was performed. There \irerp SIX trzde-of1 pp3ramctcrs. (Sue T a i J ~ : . s  

3.1-1, 3 .  1-2, and 3.1-3,) 

Importance for future space missions v ~ s s  the nlost I-iertvily wei.gl:ted parameter. It is not 

the fimction of Xrv%BLitXS to support scientific research per se. Rather, it should be keyed to 

the measurerrzent of those parameters which will, to a large extent, determine man's per- 

formaice irl space. If a measurement technique was a secondary method of determining iri- 

formation it would rank IOW in this area. 

Probable i~iclusion in experiments was a difficult item to determine. The existing eAqcr i -  

ment. protocals were reviewed, and a best estimate of meesurements h~cluded in future ex- 

periments was made. The estimate of measurements included in many experiments formed 

the basis for this parameter. 

The measurement rankings under accuracy include deductions not only for inherent equip- 

ment e r ro r s ,  but also for operator inaccuracies inhere~it in the measurement technique. 

Commonality of equipment played a large role in the selection of measurement techniques. 

This is manifested in the trade-off. Also considered in equipment selection was ease of 

set-up and performance. All of the recommended techniques in the physiology element may 

be performed by a medically trained corpsman with minimal additional training. Some, 

however, require more patience and care than others. 

Safety is probably the most important consideration in the initial selection of measurement 

techniques. Any ~ n s a f e  measurement was immediately eliminated from further considera-. 

tion. Even though all of the recoinmencled measurements are  safe, a gi-eat deal of clesign effort 

is being directed to subject protection. 



We have r :ried, on thi: basis ol' the hctor. discrzsred ahcwe, that a r:rnlthg of rlacasure- 

mellts is ti , ~ ~ i t j i .  ? h i s  ~ i ; 5 6 ! i : ~  UC; i)i< ....3 ,'- " +~Pv-  --.A- c t . ~  quickl j r  I ~ P  ~.e>lnlive mer iEc; 311d 

projslems 1 .rh and to be pr:>l;tlrer'l to atiirrst IliBLbIS rnore krlclii:;cntly to m y  of  ihc 

vario.cls -c/. 4 ' 3  01 I I I ~ S S ~ O ~  profile that may be r e q u i r ~ d  

3 . 1 . 2  C I :  - lLEVAf_UATION 

'fie total ' 'pt of recomi-nencied T:,lBLRiS system astd program is shaped arorzi~d the 

premise > ' . , t d  biomedical evsiuation of rriaxtis firtletionsl cap:hiiity in space is of prime 

impor t a~c  I:. r ing extended periods of iveigbtlcssness. One of the prime reqrrisites of 

an e ~ a l u a f ' ~ ~ ~ h 0 ~ 1 d  be the clinical assessment of the individual subject frorn day to day, 

It is pr-opc, L that IaIBLAlS include the "so%vare" to make &is possible. fu addition to the 

regular rr, 'a1 kit, simple bistory and physical check lists will he provided nlong with the 

necessax-g. r ructions 2nd x r h ~ o ~  eqcipment (tongue blades, etc. ) { O  make them easily 

usable. 

3.1.3 ~ $ 5  ')ItIALI<IT 

An import .  ;,art of the IlLIBLTvlS program will include the provision of a supplemented 

medical ki . E'rovisions has been made for the storage of such a kit and instruction for the 

use mill b' .fitsluded ~vhere  needed. GE in consiclering the basic medical kit  to be GFE and 

to contain 116- items described in table 3 .  2.1-1 on page 11-6 of NASA RfSC specification 

CSD-A-29 * In addition, we recornmend the addition of certain simple examination devices 

such a s  tc - , l ~ ~ c . :  blades, a reflex hammer, an oto/ophthalmoscope, etc. We believe that the 

clinical e: 'tr:ttion needs of the IMBLMS concept require such supporting equipment but \ire 

feel even gol'e strongly that i t  must be carefully selected for ease of use and practical 

clinical va .!('. 



3.1 .4  CRFIW M sll2E'TY 3IONITORIXG 

IfilE1,E'iS c a n ,  t i  lic,iiretl. acconllnoil=Lie c i-en :;afct: anti crir ii-ornt3uLal r-rloniloring rri~ocl 

prejudice to ail> other functions dcsirecl cf the si7stern. Xl! of the usua l  crew sale@ para- 

meters  will be rneasured a t  va:-ious times by IL\ZRLP;IS due to spcciftc 13IBLblS r c c i i ~ ~ r e m e n t ~ .  

so safety monitoring per s e  v\-oulcl r e y ~ ~ i r c  no additional cnrnplesity, s i z e ,  o r  weight of --- 
equipnient except interface junction boxes that might be necessary at various locations 

throughout the vehicle complex for  the co~lfenience of the astronauts and to illsure no lzck of 

infornlation from any given a rea  o r  during any unusual activity (EVA,  e tc . ) .  While we do not 

formally propose that IMBLMS include safety and eiiviron~nental monitoring, provisions 

have been made to perform this function if desirable. 

3 . 2  NUEROLIOGICAL I1ZEASLl. EaJENTS 

The nuerological measurements on the proposed NASA list  inay be divided into broad areas:  

(1) the acquisition of data related to gravity receptors and changes in judgments of spatial 

location during prolonged absence of gravity; (2) a tes t  of the hypothesis that semicircular 

canal function may change under weightlessness; and (3) a study of the electroencephalogram 

a s  a n  indication of sleep state a s  correlated with stimulus material  and activity; and (4) a 

clinical neurological examination. 
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Trih1~ 2.  1-3. MlysieaI Fitness Vnriablc:;, ? Icms, ,l;~d Stnild:iril Deviations 
- . - T--i;----- 

3Iean I 
1. Aizx O2 int;t,ILcs I:ters/mi~i 3.126 1 .541 1 

I 
2. ~ I L Y  0, ~,lt:~l;e, in?/l;g :,oc?y wl/rnin , 32.460 7.550 

I 
I 

3. h12-Y 0, - i n t lke ,  mi/& 1 ~ 2 2 3  boJy 54,310 8.260 
rn:~ss/rni[l 

4. Max niin vol, vent/liter 94,160 2 1.450 

5. Forced VC/liter 4.960 1 0 8 0  

6. Ht, cm/FVC per  l i ter 36.090 4,500 

7. FVC/body surface a rea  2.560 .3  10 

8, h?BC/liter per  nlin 141.120 20.250 

9. Forced e 'qiratory voll. 0 (% of VC) 74.390 7.560 

10. Suljmax r e sp  rate/rnin 23.530 6.350 

11. Max r e s p  rate/min 33.420 8.440 I 
12. 3-Min recovery pulse count after 336.020 42.080 

sabrnax exer 

13. Fulse increase from r e s t  to submax 88.350 15.670 

14. Duration bicycle ride, in rnin 9.600 1.440 

15. Mod Schneider index 18.870 3.100 

16. Resting systolic blood p re s s ,  inm Rg 119.250 10.530 

17. Postexercis? systolic blood press  165.190 17.830 

18. Recovery systolic blood press  126,420 11.460 

19. Resting diastolic blood press  80.560 8.330 

20. Postexercise diastolic blood press  74,820 9.020 

2 1. Recovery diastolic blood press  80.190 8.600 

22. Resting pulse press  38.630 8.000 

23. Postexercise pulse press  90.430 15.240 

24, Recovery pulse press  46.170 9.400 

25. fi!Iax heart  rate/min 176.700 13,170 

26. Lyingbcartrate/niin 68.180 9.520 

36.900 9,750 

VC - v i b l  capscity; FVC fore& vital capscity; l I E C  - miltk-~lum Sr5aihir;g capacity, 
( S ,  APPLIED P H  YSICIIL, 20: 991-939, 1965) 



VC = vital capacity; FVC = forced vital capacity; hfBG - m&xhurn breathing capaelty. 
(J. APPLIED PHYSICAL. 20:991-999, 1965) 

Talsle 3 ,  1-3. Physicnl Filllij-qa " Y 3 ~ i : & l ~ b ,  31" XIS, X M ~  . i j t ; ~ l i i 3 ~ c $  Gcvi3l i ~ l i i s  (Coni) 
-- -- - 

2b. Height* in cm 

29, \ V e ~ p , ~ ~ t ~  i n k s  

/ 20. Vent eqniv (viut  liter;:/iitcv: Oa 
u:,f\cl clu~ing 1 1 1 2 ~  eEor t) 

31. O2 pulse, rnl/min ( m u  exer) 

32, Body temp incrcasr: d l i rbg  sldbrfias exer. 

33. fill-.ups 

34. Sit-ups 

35. Stancling broad jump 

36. 50-yd dash 

37. ShuttJerun 

38. Medicine ball put 

39. Dips 

40. 600-ycl run-walk 

41. Drop--offindex 

42. Force p1alfo:ol.m-vertical 

43. Force platform-frontal 

44. Force platform-vertieal/kg body wt 

4 Force platform-frontal/lrg. body tvt 

46. Subnlax exer heart rate/min 

47. Submax min vol vent/liter 

48. Subinax O2 intake, liter/min 

49. Standing heart rate/min 

50. RQ (submax exer) 

51. Lean body mass, 1% 

52. Percent lean body mass 

53. Submax min vol vent/kg body wt 

30.140 

17.810 

'440 

3.760 

33.430 

79.870 

7.590 

10.520 

31.740 

3.630 

146.450 

55.650 

1261.000 

298.000 

16,300 

3.650 

157.180 

59.500 

2.917 

80.6 10 

.971 

127.210 

72.720 

.755 

2.810 

. I50 

2.950 

10.390 

8.670 

.6 80 

.880 

4,250 

2.930 

26.790 

21.420 

516.000 

157.000 

7.270 

1.720 

14.870 

10.960 

.411 

10.400 

.067 

13.270 

6.730 

. I 7 1  



Jn general, vestibnlar mt-asurenleiit is in an :3dvancrd slate edcx,-elapmcnt a s  de:;zribed by the 

Experimcnl I n l p l c r ~ ~ c ~ t i o i  Plan for hll::l, Iluman V e s t  i i~uiar  1-rrnction, 

Thc Rotflting 1,itter C't-tair i s  considered til be C'FE and I3IBI,hZ5 will nln1;e provision to 

pro~iclc services, such a s  pon7er, and to support the experiments by data handling. 

if%ile the clinical evaluation procedure i s  GFE, it will be necessary to establish the fact 

that the crew meinber has a properly functioning peripheral neuromuscular and reflex s:v.sten~. 

Further sensory and motor stucbes with considerable neurological sigiiificance a r e  described 

in the Behavioral Section (5.0). 

While little modification can be justified for some of the CN5 m~rphoiogical  tes t ,  many of the 

neuromuscular reflexes (achilles, patella, abdominal) relate directly to the mzintenmce of 

the upright posture of standing and walking. It would be of interest to note any changes in 

sensitivity or  responsivity. 

3.2.1 AGRAVIC PERCEPTION 

3.2.1.1 Recommendt.,tions and Rationale: 

The crew member 's  ability to maintain an appropriate spatial location in the absence of 

gravity is of major import. Inconsistancies in his ability to orient himself in his  surrou-nd- 

ings would be both distracting and disruptive of effective operations. 

While man in a one-G field utilizes three disparate mechanism to give him information 

regarding his  orientation on entry into zero G he may experience a reconfiguration of feed- 

back from all three. These systems a r e  vestibular systems (the otalith primarily),  musculo- 

skeletal stretch rece3tors and, influence of informatior: from the visual field. 

Information i s  generated in the vestibular system by the otolith which i s  tfepenclent on gravity 

to physically align a weighted hair which in turn distorts a sensor providing the needed 

orientation iiiformation. inforn~ation arisrng in muscles,   endo or is and jolnts on lnechanleai 



s t ressors  genertted by the lliveight" body parts involvcif, o r  dur ing  vo!untary ~iisi\!,tccl:iel,t 

ag;~insttthe resistance uf the ~,r3\1lc?l~or?al ti~l!d, The \-i;isirnl field :~?ial\- ses  t h ~  org:t:~~:7?~lo:!,l,'iu~~l 

content of j tcilis irt the fieid 131 oiri{ling i nfornai;on tor nln1i111g c!c cisions on r i ~  n:lnrics c,C 

moving objccts. Astron:~uts report rcflcxir c, r ~ a c h  "u~lder'l f ree floatulg objccts to 'cntc.hu 

them in anticipation of their wr'alling''. 

Demonstrated gravity related, visual illusions common to high dynamic, non-linear a i r c ~ a f t  

operations, or  visual c l is tor t i~ns due to Ganzfelcl o r  displaced referents, more than justifies 

careful, complete description and measurement of man's ability to orient himself in the 

absence of gravity. 

3.2.1. 2 Technique Selecticm and Rationale -- 
Measurement techniques developed to provide inform,ztion regarding the crevnnanls ability 

to develop alignments in respect to an internal referent a s  well a s  in respect to the vehicle 

interior a r e  both useful. However, additional information could be gathered utilizing 

essentially the same techniques. It would be highly desirable to establish what frame of 

reference the crewman would utilize when no formal instruction was  given. Amorphous 

instructions to point "upward" when the subject was intra-vehicular and extra-vehicular, 

eyes open, eyes closed, restrained, f ree floating, "recliilingT' and "seatedu in reference to 

the cabin interior ~vould be useful. 

Information derived in  this area could be  utilized i11 the organization of hardware and displays 

a s  well a s  providing a basis  for the development and implementation of certain task 

procedures. 

3.2.2 OCCULAR COUNTER-ROLLING 

3.2.2.1 Recomi~lendations and Rationale - 
The primary objective behind measurement of occular counter rolling i s  to evaluate otolith 

function a s  related to degree of tilt, At  the present time, no formal perceptual fxinction has 

heel1 identified with the riresence or  absence oi a counter-rolling capab:litjr . 



The pwrpose of a l t e n ~ p t i ~ g  t o  eXicite a coat~tef-roliilig response i s  to  attempt to oebntc 

causd j fy  to oto1;tl:ic ali~?-;l?mcnt by ~ ~ ' o v I I ~ ,  This premise is based 03. 1.h~ 3::;~11i1pii0i7 lhat  

an absence of rcsponsc dityir:~ l'ti!ting8' wonld inrpfy t h a t  nhcn colil1~.i19r--ro~~111$ IS absz:.;t 1s 

directly related to ~ t o l i t h  FCmction. 

3.2.2.2 Tec211,iciue Sclec tccl 2nd Kntionnlc: -- --& 

The basic technique estahlisl~ed for g o ~ u ~ d  testing should be attenrpted essentially unckaiged 

if comparisoiis are to be made. If uncier strong cue concIitions some form of associative 

reflex could be activated t o  produce counter-rolling, the theory of complete otoliLh control 

of the response would have to  the modifiecl. If counter-rolling occurs under these conditions 

then second level effects would have to be implicated. Care  must be taken cluririg "tiltt' 

displacement to prevent high r z t e s  of acceleration to  cause otolith re~lig-nrnelb a s  a 

function of inertial or centrifugal force. 

3.2.3 OCCULOGYRAL ILLUSION 

3.2.5.1 Recommendations and Rationale 

Inclusion of the test  is directed at the detection m d  quantification of alterations fronl 

baseline sensitivity and response in labrynthine function. The problcnl is whether or i10.t 

there will be a desensitization because of atrophy of disuse or a lowered threshold o r  

increased response due to  a Weber-Fechncr function that predicts the ambient baseline is 

zero and ariy moderate increase in function will produce a massive response. 

Measures t o  quantify threshold sensitivity and extent of related. response a r e  required. 

3.2.5.2 Technique Selection and RationLee 

No major measurement changes from those described in the approved &'I131 experiment is 

advocated except for the Human Engineering cr i ter ia  developed in the Human Engineering 

Work Sheets appearing in the Appendix. 



3 .2 .4  VISUAL TASKS T;lil'i'II HEAD XI"OTIC1NS 

111 the :;low Rofaiiiig li2oo1n (SIX:%) I! Plcn,.ico1:: standar.lzctl procedrircs have bee11 cicve!o*)crl for-  

assessing task performance involving lleail i n ~ t i o n s  Irr a ro ta t ing  crivironnlent. Tasks consist 

of switches and dial set ti no;^ perfornlcd in sequence and at a variety of Iocatlons nbovc and 

below the subject. In ordcr to activate these :nanipullmda head motions of specific rates  and 

directions a r e  involved. 

In zero-G environment, the coupling of head velocity with ambient angular velocity to produce 

coriolis stimulation of the labyrinth should be minirnai. Such a tes t  is more suited to assess-  

ment of human per fo~~mance  in a rototing spacecraft or  one irl ~,vhich rather  extensive a ~ d  

frequent high velocity attitude changes a r e  anticipated. 

3 . 2 . 4 . 2  Techniques Selected and Rationale 

The manipulanda required could be  built into the Rotating Litter Chair if required. Alternately, 

the operation of the IMBEiLIS console itself could be used. 

3.2.5 ELE CTRONYSTAGMOGRAM 

3.2.5.1 Recommendations and Rationale 

Inclusion of the test  is directed a t  the detection and quantificztion of alterations from baseline 

sensitivity and response in labrynthhe function. The problem is whether o r  not there will bc: 

a desensitization because of atrophy of disuse o r  a lowered threshold o r  increased response 

due to a Weber-Fechner function that predicts the ambient baseline is zero and any moderate 

increase in f~mction will produce a massive response. 

Measures to quantify threshold sensitivity and extent of related response a r e  required. 

3.2.5.2 Technique Selection and Rationale 

No major  measurement changes from those described in the approved 31131 experiment i s  

advocated except for  the I-Iriman Engineering cr l ter ia  dcvelopecl in  he Human Engineering 

Ct'orlc Sheets appesring in tile Appendix. 
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:I, 2. 6. 1 Ittlllonalc fol. I n ~ x l u s ~ o n  --- 
Distortions in the sensation of m o ~ e ~ n c n t  cl. i l i t i s ~ o n s  in this a r ea  ~vould il?.ife major import 

during rendezvous anti doeldng operations, 

The necessity to establish the time course 2nd direction of ally such change in sensiti\-ity would 

be critical to mission success and function. Once more  the dilemma of rvl~etl~er the effect of 

prolonged residence causes desensitization via a t rophc  responses o r  hyperactivation and 

lowered thresholds via a Weber-Fechner function appears. 

3.2.6.2 Technique Sel ectioc and Rationale - 
The evailability of a technique to measure threshold sensitivity and response magnitude i s  

available for MI31 and no notable additions a r e  considered. 

3.2.7 ELECTROENCEPHALOGRAM 

3.2.7.1 Recommendatio~ls and Rationale 

IMBLMS a s  designed by GE is prepared to accommodate electroencephalogram rneasuren~ents.  

These a r e  proposed specifically to provide additional information concerning crit ical function 

for neurological and behavioral purposes but also a valuable adjunctive input in the a rea  of 

basic crew conditioning. Coupled with information from other measurement techniques 

(GSR, etc. if desired) the EEG provides the best known method of assessing stages of sleep 

while at  the same time not inconveniencing the individual subject being observed. 

3.2.7.2 Processes  

Several alternate electrode systems and data handling processes have been studied. Ideally, 

for  complete diagnostic purposes, 9 electrode pairs  would be recommended. For  clinical use,  i 

4 electrode pairs  a r e  probably a recommendable minimum. For  IMELMS however, we 

recommend one electrode pair (plus a separate common groilr~d), W e  agree nit11 our eon- 

sultants that under the conditions of the m ~ s s i o n s  a s  noT;? plztnned, this w!l provide u s  the 

information necessary for assessnlent of slecp state, general cortical activity, 2nd evoiied 
f 

responses if desired. 
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3 .  2. 7.3 Dztz Mnaaf:enrcrrt 

'The IXIBJ,hlS data rnar::igetnent q r s t c m  h i s  b ~ e n  ilcsiq'~c.(i to rc'cortj. altc{ ;,rotess i:~c. EEt:  

inl'ornlation ohl3i11ecl ancl lo prep3re it ior I ~ , I I ~ L ~ : ~ ~ S S X ~ J ~ L  

3 . 3  CARDIOVASCULL4R 

Cardiovascular ~neasuremenls  represent  probablj- the llicist sensitive irrciicntion a s  to the 

physiological status of the i~~cbviclrral astronaut. 'The esp::ljilily of the human body io sertqe 

some slight changes in environmerltal condition ai:d i ts  ahility to adjust the cardios-ascular 

system accordingly (either overall o r  regionally) malie these an unusually valuable source of 

information. Therefore,  1v11ile not suggesting a lesser value for ~neasure~rren ts  of other 

types, this analysis has concluded and does suggest a strong emphxsis on the cardiovascular 

sys  tem. 

One of the major concepts enbodied in  the recommendations presented here is that of 

commonality of purpose and use of equipment (see Volume I,  and Volume III), Most of the 

measurements described require sensors applied to the skin of the subject, but in many cases 

such sensors  can be shown to be common to more  than one measurement. Each individual 

measurement description considers this point. Of course the same i s  true of power supplies, 

signal conditioning, signal processing, signal storage, display and other equipment, 

(See Volume III) 

The ayrangement of recommended measurements a s  they appear in order  in this report 

reflects the relative clinical significance a s  balanced against the safety, complexity, difficulty, 

s ize weight, cost,  etc. for each one considered. Functional flow block diagram for  each one 

can be found in A~;?endix B and detailed specification sheets for  each one in Appendix A. 



3.9.1.1 Recommendation and Rationale 

The electrocardiogram is a key cardiovascular measurement since it provides direct 

information on the electrical activity of the heart the signal can readily be manipulated to 

give heart rate and in association with other measures inferentially supplies information on 

the force of contraction and the metabolic state of the heart. A system designed to provide one 

to 'three channels of ECG information at a given time using a conlmon set of electrodes is 

reQwnmended. 

3.9.1.2 Techniques Selected and Rationale 

3.3.1.2.1 Electrodes 

G E  has investigated the use of the Schmitt-Kilpatrick active electrode and the USAF School 

of Aerospace Medicine insulated electrode. They a r e  similar in that an integrated circuit 

f o \ \ owr  amplifier is built into the electrode itself. This greatly reduces electrode output 

inlpedance, permits the use of low input impedance amplifier and also lessens pickup noise 

Pl8Ob1em. These electrodes have several important drawbacks, however. 

a. The circuits on the electrodes require power and return wires. Therefore, there 
a r e  three times a s  many wires on an already "busy" harness. 

b. The signal conditioners proposed for IMBLMS have common mode rejection ratios in 
excess of 80 db thereby already reducing lead pick-up. 

c. Reliability of these electrodes is questionable. The electrodes have an inherent 
variable skin to electrode capacitance. Because of the very large input impedance of 
the follower circuit,  significant low frequency information may be lost. 

Because of the environment in which these measurements will be made, and because of the 

s w r i o r  quality of th5 signal processing equipment beiilg recommended, the electrodes 

r w m m e n d e d  a r e  the standard silver-silver chloride ffbuttonff type, carefully applied pre- 

flight and worn continually. Careful studies have shown that the frequent application, removal, 

anh reapplication of electrodes is much more likely to cause skin irritation than carefully 



applied eleetrodcs lef t  it1 $ace. Variation in impcld:*nze f rom i?teasuri_'uicnt to n~casurcmc~:~t  

i s  g~-extl\i ~-eilllcr'ci tthcn the electrode., are lcft t~~?~ i ; s l i~ r . l ,~d .  Rce:itise o f  t h r  ~ ~ r o p o s e c l  ii1lr:itron 

of Chc lhlF3L3lfS m i ~ s r ~ - ; l ~ ,  tie I,ei~et-t. i-ileze ia be- ch t r t ine l~  irrtjiorl;4nl consiilei-:~tions. 

It i s  proposed that 211 sensors  ( inc ludi~g ,  the rnierophone outliiled in  3.3.2 and the blood 

pressure cuff and microphonr: in 3.3. 1) bc lei', ~ n t a c t  rhroughout the mission. (An exception to 

this will be discussed where the Doppler technique i s  consicierecl). We propose a s  a safe-pard 

however, that each sensor location bc iclentiiied with an indelible mark pre-flight and that 

instivctions and materials be included to allow the reattachment of a sensor should i t  s o m e h ~ w  

be accidentally dislogecf, 

A specially designed electrical harness i s  recommended to cctmcct the subject sensors  to the 

data handling equipment, fiarness specifications require no physical impariinznt of the 

astronaut's activity 01- any increased discomfort. Quicli disconnect fittings a r e  recommended 

a t  a point attached to the astronaut's clothing so  that he may be tied in to the data handling 

system at any of the several locations in the spacecraft where i t  will be important to perform 

the measurement. 

3 . 3 . 1 . 2 . 2  Frank Lead System 

The Frank lead system for  Vectorcardiography was studied for incorporation a s  a par t  of 

IMBLRIS. The Apollo V e c t ~ r c a r d i o g ~ a p h  system requires seven single purpose signal 

electrodes in addition to a signal ground electrode. A resistance network i s  used in  con- 

junction with three ECG Amplifiers to orthogonalize the signals from these electrodes. In 

order to minimize the number of electrodes, a systein which uses  only four single purpose 

VCG electrodes, plus one electrode of these used for  Electronystagmogram measurements,  

one of these used for  Electromyograpky and the  system ground electrode was studied. The 

electrodes themselves may be placed orthogonally and the electrode harness i s  thus simplified. 

The suggested placement of electrodes a r e  given and flirther engineering details in Sec l~an  4,1. 



It :;itouici be notcaci that iilc pr eseiicci o f  2 cuuljfiliri- VI~ZIJIC:, thti i~ ; l i l ~ f ~ ~ l ; ~ ; ~ i i ~ n  of tht'se 

0~thogo11ai ~'~il-xlj~or~~nt:i  :nlo tile Fr:uil; o r  :In) oi the cllr~ic~~.,l  ECG colr~poncnts, Lrit reco$;~lile 

the h;g!~ly cxtcnsive nrlr1lre of the srounci  control stuci~es ufi l lzing the Ft~,11:l; lead 5) s tem,  bl t 

vre feel that the ~ v o r l ;  of Schmltt and ot11el.s usrug :I s j  ste1i-i scich as  we c l c s c r i b c  supports the  

clinical and scientlfrc lnerit of the sirn~tlrfiecl r?ettirork . 

3 . 3 . 2 . 1  Recommendation and Rationale - 
The phonocardiograrn i s  important to the system because of the additional information it 

provides a s  to cardiac cycle timing and heart valve fui~ction. It 'itill nurrnally be observed 

sirilultaneously w< th the electrocardiogram, the vectorcardiopam, the blood pressure,  

snd/or the ba1lis;ocardiogs:am. 

3 . 3 .  2 . 2  Technique Selected and Ra-tionale 

The recommended microphone (GFE) has an acceptable flat frequency range of 30 to 100 Ha. 

A microphone with a flat response to 0 Hz has been identified but a cut-off at  no less  than 30 Hz 

i s  desirable to avoid picking up extraneous skin and muscle noise. It i s  recommended that 

the total signal be delivered to the observer in the classical form, but provisions have been 

made to process it further and present the ttenvelopelt of the rectified signal should this 

la t ter  seem desirable. 

3 . 3 . 3  CARDIAC OUTPUT 

3 . 3 . 3 . 1  Recommendation and Rationale 

The assessment of cardiac output and indeed blood flow in general represents a serious 

problem. In the IRIIRL%IS study we have sought a simple, inexpensive device for routine 

nondestructive flow measurement with a high degree of accuracy, stability, reproducability, 
e 

sensitivity ancl range which could be used on humans without discomfort, hazard o r  damage to 

the skin. This optimistic statenlent of objectives caimot at  this time be met. 



Eushrncr, B~~,-iIicr 2nd S t e ~ ~ x l l  ha\-e revienert the nvailnble devices for hlowl fioxv mchnsui.c,jti 

against nil esiiusir-e l i s t  cif c r r t c ~  ia. ' ~ I I c  g :>L~cra l  ix,cti~ods ~ ~ - i c l u ~ ~ ~ - c ~  1)lcin~ s ~ r i ~ ~ ~ ; r : i ~ ~ ~ ; ~ ,  , prc7>, - f t >  

gradient. indicnto, tran~port, i~xiicator dili l t ion,  the^ ma! and trnuscutaneous I3opi)ie.r n?c\iii~<ts. 

They present the relative nlerits to show th3t each type has 110th atlr,-nnt~gcs and d i ~ a t l v a n a ; ~  

with reference to both accuracg; ailc! utility. For Ilt,lBLA:S, icch~~icjui :~ requiring a r t cna l  

cathetarization were considered not applicable. If the spcciflcatiorls call for truly n,n- 

destructive tecl-iniques (without darnage to the skin), the choice is ciuasticallj. limited to 

occulsion plethysmography, the thermal flotvmeter (skin only) and the transcutaneous Doppler 

flowmeter. 

3 . 3 . 3 . 1 . 1  Transcutaneous Doppler Flov~meter 

Plethysmography and thernlal f lonmeters  a r e  generally familiar b ~ ~ t  the t ra~scutaneous  IIoppic.7. 

flowmeter i s  a relatively recent and very promising development. The Doppler shift principle 

of blood velocity sensing i s  very simple. A beam of 2-5-Mc ultrasonic waves i s  directed 

diagonally through the blood. A srnall fraction of this sound is bacli-scattered from particles 

in the blood to reach the receiver crystal  (Figure 3.3-1) .  If the blood is motionless, the back- 

ANALOG OUTPUTS 



scatter& socnd 1;3~ precisely the sa;t.tc freqrlency a s  the ti-:~nsinlt!ed sound. If the  hlcroll 1s 

moving, tllc frcr1uc:lct of the b s ~ i ;  seat:erc-.ii b o u n d  i s  sE11Eteii hv nil : ~ i i l ( ~ i l r ) t  r c i  ifcd to the 

-,it.locity of the p:irticles. 3Iis1ng the hack : c,itfeccti soiii;d ircqucncy \\-lth the t l a n s ~ ~ l i i t c r  

frequency pro&-~ccs hcat frecjuencies rclatctl to the f!ov~ velocity of thz blood, Flow vclocity 

in centimeters per second can be p~edictr-d accurate1 y from the frei,ue!lcy siiift and the  angle 

subtended between thc axis of the t&e and the t r a n s ~ n ~ t t i n g  and receiving crystals in accorctnllce 

with a Doppler shift formula. 

Only with knoxvledge of the cross-sectional a rea  of the channel can the vo l~ur~e  flow be 

accurately estimated from the mean flow velocity. Implanted f1ot1.rn1eter.s by their nakire 

produce and mainkin a constant cross-sectional area.  Conversion to a transcutaneous device, 

therefore, requires compromise with respect to accuracy, reliability and uniqueness of the 

measurements, The vessel i s  not confined and small trarlslational &splaeernellts can occur. 

The device therefore i s  inherently a velocity-meter rather  than a volunle floxmneter. 

Despite i t s  limitations the transcutaneous Doppler method has many favorable characteristics 

such a s  flexibility, versatility and convenience. 

3.3.3.1.2 Venous Occlusion P l e t h y s m ~ ~ a p h y  

This method i s  commonly regarded a s  a standard and provides data with a s  high a degree of 

quantitative accuracy a s  the Doppler method described above. Plethysmography was considered 

in  detail in the IMBLMS Phase B-1 final report. Since that t ime Biosystems, Inc. has re-  

studied the problem and now recommends a positive pressure a i r  plethysmograph to circum- hJ 
vent previous problems of thermal control, gas reservoir ,  etc. In discussing venous 

occulsion plethysmogrqhy and the sources of uncertainties in  such measurements Rushmer !? 
L4 

points out how the Doppler Row meter  has served a s  a valuable adjunct and s t resses  how one 

type of measurement device can contribute to the understanding of e thers .  i! E I 

3.3.3.1.3 Impedance Methods. 
q 
9 I 

LA 
In the GE IMBLAIS Phase B-I report present irnpedanee methods for the measurement of 

cardiac output xerc diseusscd in detail. The poxcnttal e r r o r s  of the system appear insur- 

mountable and the method has not received h r t h e r  study in Phase B-11. 



The necessary gas mca;uvrng :;cr;so~s and devices are i~;eoi.!,oi.:iir~d ui?r!er l?.es::~~.:ttor~, 

Measurc~nents (Section 3,4), The CecE~nic?ue is \lvotl ialo\:.rr 3itd \;lcte?y 11,ii i t l .  

3.3.3.1.5 IJemodc:rsitometry 

Recent development in  Imnodeusitornetj*y offer promise a s  a mearis of measuring peripheri:?l 

blood flow. Tlris is discussed ur,der oxirnetry below. (Section 3.4.5).  

3.3.3.1.6 Recormendation 

We recommend that the transcutaneous Doppler shift technique be  incorporated in IMBLiaIS 

for  the measurement of blood flow in association with other cardiovascular tecllniques and 

procedures. The method is adaptable for a wide variety of blood flow measut_.emenis (see 

below) and can be used with a minimum of training by the creu7. Recent studies by Davis atld 

Hart (manuscript accepted for publicaiion in Circulation Research) indicates a reasonsble 

correlation with dye dilution techniques. Although the technique i s  new, we believe i t  to have 

development promise within the present lMBLMS flight schedule. 

3 . 3 . 3 . 2  Technique Selected and Rationale 

Because the transducer can be sized anci shaped in an allriost unlimited nunlber of configurations, 

several  transducer systems 14411 be provicled to meet the variety of requirements both here and 

a s  described in Section 3.3.5. 

3 3.4 ARTERIAL BLOOD PRESSURE 

3 . 3 . 4 . 1  Recommendation and Rationale 

Fo r  measurement of ar ter ia l  blood pressure  we recornillend the standard technique of  using 

an  occulsive cuff and observing the Karotkoff sounds over the brachial ar tery.  For this 

latter purpose a microphone i s  sewn into the cuff so  that proper positioning i s  assured. The 

microphone can be the standard GFE model o r  any similar one with a flat frequency response 

up to 100 Hz. 



Provi:iions il:tve bct.1) , , hi,, ,.tlltomacic ;~"~::atio;l 11ciirg the present GFE syslern, Such 

As a moclif'icxtion fr(li- ilre.i,icjusly usecl svstems, itle reconlrnend a device developed by 

Smith Klinc I n s t r i ~ l l l ~ i ~ ~  ~ iom\ , :~ t ly .  ~j~~ ullit is dcsigled to fllistenrt electronically for  the f i r s t  

and last li(;a'otlioff sotl~i,l:; atzci lo presellt systolic and diastolic pressure  as specific electrical 

analogues offering cot! rtlerol,le S i l l l p l i f i C ~ t i ~ ~  in crew t ra in ing requirelnerlts. 



3 .  3 .  5. 1 Eecommcnriatior- :i-t:ci IZ:r?jn:l:ilc -- -- --- -- - -- 

,4 thorough study d r  ~,he pcssiblc use oi Doppler r11tr""l: onic te:'liniqcc,r Cor i>looii flo!v (:i: 

developed by D r .  Bckert Rushmer, Unlver.,i!\ of \;i'a~,Iiiiy;3ot:) ims co:~vinced 11.. that :r?c.:rsure- 

nlents in this a r ea  can be much c~pandcd .  'Thc safety :tiltt clise of t l s c  plus the  valuai~it: in- 

formation obtainable with these techniques leads us to recommend this system for IhIBLRIS. 

3 . 3 . 5 . 2  Techniq~te Selected and Rationale 

3 . 3 . 5 . 2 . 1  Thoracic Blood Flow 

This meas7aement  has been shown by both animal and human cqe r in l cn t  to correspond very 

closely to cardiac octput a s  measured by dye dilution techniques (Davis  8. Htirt, rnalluscript 

accepted for publication by Circulation Research). The technique involves only the observer 

(or subject) placing the transducer over the thoracic aorta (left lung lower apex area)  for a 

period long eilough for the system to record a short se r ies  of cardiac output complexes. 

3 . 3 . 5 . 2 . 2  Regional Blood Flow 

We recommend the same teclmiques for  use in assessing regional blood flow under a variety 

of conditions. Separate transducers tvill be provided when regions of interest a r e  established. 

It can be used during studies of inflight exercise (3.3.7),  lower body negative pressure  ( 3 . 3 . 9 ) .  

ballistocardiography (3.3.11), and others.  The ease and conditions of use a r e  a s  described 

above with the only difference being the placement of the transducer. 

3 . 3 . 5 . 2 . 3  Arterial  Flow Pulse Contour 

The Doppler system records the ar ter ia l  velocity pulse contour of whatever a r te ry  over 

which i t  is applied. Given only a small  change in blood vessel diameter, i t  is this contour 

which constitutes the input allowing the automatic processing of cardiac output and flow. The 

pulse contour is measurable by this technique over the entire range of a r te r ies  from the 

thoracic aorta to the pedal, volar, and opthalmic. 



3.  3 .  5 . 2 . 4  Arterialor Ncactj-Jity 

Arteriolar veactn-ity can he iol!ov;t.d under nlrr~ost nnv eircri:nstanccs by Doppler obscrv:;tio:~ 

of thc sn:all artery i?,otv chnraceeristics in  tile l iLnb  ill- areas of concern. tVit1io1.t i i ivas i :~~ 

techniques deep ~:rteria!or rcnclivicy rneasllr-sncnts :rrc irs:~ccesslisle lo IArRJ,ii,IS. 

3 . 3 . 6  PERSPIJERAL VENOUSE PIIESSLTE 

For methods of measurement of peripher:il venous pressure n major study has been COII- 

ducted by GE (as reflected in the ear l ier  Phase 23 final repor t ,  Section 3, 4.1.  G and Tables 

3-3 and 3-4). During Phase B.-I1 this study has continued and has now resulted in the single 

recommendation for  a very simple, yet accurate device developed by Riosystems Inc. It is 

small and light, totally mechanical, easy to read and requires ahnost no training for use. 

A summary of most of the systems considered i s  shown in item Xo. 1 2  of Table 3 .3 -1 .  The 

plethsymograph has been considered of l e s s  importance because of its cornplications and 

variable results.  Rrlse wave considerations a r e  discussed under Section 3 . 3 . 5  in the review 

of Doppler capabilities available. Thermography has been ruled out. Venous compliance 

has been treated separately under Section 3.3.10. 

3 . 3 . 7  IN FLIGHT EXERCISE 

3 . 3 . 7 . 1  Recommendation and Rationale 

The measurement of in flight exercise per  the bicycle ergoineter i s  incorporated in I31Bl;MS 

a s  GFE a s  either a cardiovascular, respiratory o r  metabolic s t r e s s  procedure places on 

IMBLMS straight forward support and service requirements, Provisions have been made to t-2 
I : 
F : 

record RPM and watt-hours during periods of ergometer use. It is presumed that while a G?*: 

subject is on the ergometer,  many of the cardiovascular and respiratory measurements F? 

discussed elsewhere cgn and will be made. U 

3 . 3 . 7 . 2  Technique Selected and Rationale 

A bicycle ergometer e q e r i m e n t  has been developed and used to assess  data management 

loads (section 3.4). We a r e  aware of the whole body exerciser under development at  AMD 

and beljeve that IMBLMS contains a l l  the support and services fiructions required for this 



Table 3 . 3 - 1 .  Vencrtas Pressure Nic:rsuremenl Methods 

Xlr Uisp!zeclne:lt PlcL!i~.;slnogr-~rp!l 

'iL7:3 ter I1ibpiiiccnlei~t Pleth~~~no:;r:q)if 

C:ipzicit:l.nce Displncemen, Plcthysrnograpl~ 

Impedance Displacement Methysmogrzpll 

P l~o iop le thys~~~ograph j~  

Circumference Measuremenl 

Thermal Flow 

Doppler Shift 

Pulse Wave Velocity 

P-A Delay 

Standing Wave Resonance 

Superficial Vein Pressure  Chamber B:~lance 

Ocular Method 

Peripheral "A" Wave Detector 

Venous Run-ofi 

Thernlography 

3 . 3 . 5  II:ILOI>C'I:;Y 

Khcology, o r  tile study of flov~ characteristics by iinpedence tecimiques, adds another para- 

meter  to our recommended measuremelit l ist  for  the cardiovascular system, It is s i n ~ p l e  

and safe and utilizes much of the same equipment a s  called for in other measurement 

descriptions. While having a much longer history of clinical use however, it i s  presently 

not a s  sensitive a technique a s  the Doppler recomnlended above (3.3.5). 

This technique is being suggested for use in IikTBLMS on both tipper a.nd lower extremities. 

Electrodes will already be available in the proper locations for other purposes (such as 

electromyography 3.5.4). 



3 . 3 . 9  LBNP 

?'he lov:er body nezativc pressure t~ck;iriilue is a wcnns to r:rther l i i m  3 specific physiological 

me3suremc'llt 'riiil : ? c t r ~ n l  r n e ~ s r r r t m t i l t s  t h ~  I-IZKi' r:ijit ivilli i ) r i  .;;nip!!- 3 r.ccorr",ing of 

pressure in rclalion to t i m e .  At tl;c SZLM,~ time 2rirwcvc:-, i t  i s  assur:ied 111:lt nlost oL' t!lc 

cardiovascular rneasureiiicnts will be made during such exposure ellher sirrgly o r  in  sorne 

combination. "hr:ingeitlonts a r e  recommended therefore for r~:@onal blooc! flow ( 3 . 3 .  5.2)  

and venous compliance (3.3.10) to be made by properly placing the necessary sensors  inside tile 

the LBNP suit in locations a s  described in the specific niensurelne~lts sections mentioned 

above. 

3 . 3 . 1 0  VENOUS COMPLIANCE 

3 . 3 . 1 0 . 1  Recon~mendation and Rationale --- - 
Venous cornpliancc. i s  one of the very important measurements of the cardiovascular system 

during space flight, The A p / A V  relationship may be a very valuable indicator of the 

tonous of the venous bed. Because of i ts  possible sig-hficance, i t  is unfort~mate that the 

technique is awkward and the data variable. 

3 . 3 . 1 0 . 2  Technique Selection and Rationale - 
The recommended technique involves placing a s t rain gauge around one lower limb and 

exposing that limb to lower body negative pressure while measuring h p  /A V. The strain 

gauge is the same a s  that suggested for certain respiratory measurements. Alternate 

techniclues which have been considered include the itrhitney gauge (using an electrolyte 

rather  than mercury) and the capacitance cage. Although development is proceding on the 

la t ter  our evaluation of i t s  present state has led to i t s  omission. 

3 . 3 . 1 1  BALLISTOCARDIOGRAM 

Ballistocardiography u d e r  conditions of zero G forces lsight prove to be one of the most 

interesting of the cardiovascular measurements. Various  onf figurations have been studied 

with all leading to the same conclusion. The size,  shape, and eonlplexity of the eqtu'pment 

(GFE) plus thc inlnlense data processing load necessary to accumuiate and to  assess  mean- 



illgf'ul data hoxvever lead us to the conclusion that while 1311SL?IS ns we eonceivc it can 

~ ~ ~ o m t ~ ~ : i d : ~ t ~  this clezsur.ernei?t it, should riot lt:. :.ceos;:mt.i;dcci :::; s s.?gu!:rr i;::rt of ttlc '&., ., 
system, brit ra the]- 3s a sq;au:ite e x ; ~ c > v i x ~ c n ~ .  

3. 3 . 12  CARD10 v7ASCULUI ;IIEL%SUI<EI-',;1,131N1'S NOT l? LCOXI;?X!CNL)F:n 

3 . 3 . 1 2 . 1  Carotid Dody/Sinus Stix~lultrtion 

This measurement, if not performed r ~ ~ d e r .  vet-y c.:~ ,,?fully contl-olled t:onditions by highly 

skilled medic21 personnel, could be very dangerous, particularly i f  weightlessness leads 

to a significant and untov~ard adaptation of these reflexes. 

3 .3 .12 .2  Elastic Leotard 

Elastic leotards whicIr satisfy h7SC-A-D-66-3 a r e  not curreiltly av3ii3hle and the device in 

i t s  current form cannot be recommended. 

3 .3 .12 .3  Central Venous Pressure  - 

No non-invasive method central venous pressure  has been identified. Although a ster i le  

venous catheter can be provided in IMBLMS, it is not recommended, 



3 . 4  RESPIRATORY XTEI-SURI<XIESTS 

Design i.il.ituii.enlenis were ffiimulati.d b r  tii;cj basic tj-pcs of giis ineasui~ijlg systenis: 

a.  A rapid resuc ?stL s y ~ i e m  for br-c:lth hv  breath 3 ~ a l y s e s  and sin:;le bre3th 
techniques. 

b. A slo-\.r, response syslern nith a r e b r e ~  ther for accurntc mensurement of O2 
consumption and for  other closed circuit measurement. 

The least  satisfactory equipment a r ea  in pulmonary studies has been mass flow measurement. 

A Dual Turbine Flowmeter developed for cryogenic measurements and other fluids, by 

Quantum Dynamics and only recently modified for physiological use, appears to have solved 

this problem. Gas partial pressures  may adequately be measured by a mass  spectrometer. 

Using appropriate sanlple line lengths to minimize phase relatic111 problems, these equip~ncnts "̂  i 
1 

" _I 

r i l l  provide accurate r e d i n g s  for the worst case,  breath by breath analyses. 
r9 

Although the Quantum Dynamics Flowmeter appears most promising, a new flowrneter developed 

by Donti Research Development Company is being investigated. These instruments were 

clinically evaluated a t  Montafiore Hospital in New York City. Both of these devices exhibit 

greater  accuracy than presently used instruments such as  the Technology Incorporated Mass 

Flowrneter. 

With the addition of an ea r ,  forhead, o r  nares  oximeter (Section 3.4.5) and a flow interrupter,  

and by judicious pneumatic design, IMBLVS offers a very effective means of studying pulmo- 

nary function. 

3.4.1 RESPIRATION SATE 

There a r e  two methods of determining respiration rate. E the test  subject is instrumented 

for other respiratory measurements involving the mass  flowmeter, respiration ra te  may be 

directly calculated from the flowmeter output. Otherwise, a s t rain gauge may be incorporated 

into an electric chest band which i s  worn by the subject. This method provides none of the 

inconveniences of a self-heated thermistor inserted in the nares ,  Differences in nzsal and 

ora l  breathing could have major effects on this type of n~easu ren~en t ,  Tlic eoriditionc<l strain 

3 -28 



gangc signal is of the s:imr: general waveform as  tile flov meter output, ;mci an identical 

pne t i~?~ot : tc i~orn~tc~  data il;rnciling process rs vsrd  in  the data tnan:~gernent ecjuiplizerlt. 

3 .4 .2  LUNG T:OI,UMES 

With the incorporatioli of a very accurate flou:llteter, such a s  the Quantum Dinarnics o r  

Donti devices descrihcd in Section 3 .  4, the m e a c ~ ~ r e m e n t  of lang volumes becomes very  

simple. The tes t  subject brentkcs in a. predcscribeci manner, and the flo\vmeter output 

(which i s  bi-clirectional) is integrated. Residual volume, which cannot be measurect in this 

manner, is determined by use of the Helium rebreathing method (described under Ventila- 

tion 3.4.7). 

3 . 4 . 3  PRESSURE, FLOW AND TTOL UME 

The most difficult obstacle in the perforn~ance of this ineasurement i s  measuring the intra- 

pleural to mouth p re s su re  gradient. Since esophageal oalloon techniques have been eliminated 

a s  a par t  of IRIBLMS, an alternate technique is required for determinatio~l of relative intra- 

pleural pressure.  A promising technique for this measurement i s  shown in Figure 3.4-1.  

In this technique, respiratory flow i s  chopped in i n  on-off manner a t  a ra te  of 1 9  Hz. When 

flow is blocked, it is assumed that pressure  a t  the mouth becomes equal to intrapleural 

pressure.  Flow is obtained directly from the flowmeter (para. 3.4.2) and is integrated to 

determine volume. Therefore,  pressure and flow relationships (airway resistance) may be 

determined a s  a function of lung volume. This measurement may be made for both irilialation 

and exhalation. 

3.4.4 BREATH BY BREATH RESPIRATORY ANALYSIS 

The breath by breath measurement: of O2 consumption and C 0 2  production can be m3de lvith 

a mass  spectrometer figure and flowmeter (section 3.4.2, 3.4.3) in line. The governing 

equation for these measurements is : 
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Prom thcsc ecluaiions i t  c3fi bbe secrt that ti>.;: phase rel:tlionsl.?ips betneen floii7 ailc? p~ir t ia l  

pressures nre very impor.tnnt, and 111r:st bc csjttili~lzect, S ~ c h  :~n ::jrytroaeh is ile;i2;necl i i l i s  

our ovcraf 1 LRIL IA!S Lint? h;ir;tiling s;, F [ e ~ n ,  

3.4.5 ALEVOLAR T O  AIZT'ERIAL O2 GR,"LUIENT 

Tile e a r ,  n:tres, finger o r  forehal;d o-iimeter is a non-inwsive device for evaluating the oxy- 

hemoglobin status of blocd, It i s  pninlees, ecnvenierrt. and has been widely uscd. It i s  

expected that the major problem in o x h e t r y ,  i .  e. e r r o r s  in calibratiol~ and difficulty in 

determining absolute values, will be soon improved. 

Almost all  oximeters available to date have suffered the problem of the inherent e r ro r s  due 

to problcms of measuring transmitted light through blood iil t issue (a non-ne\i+onian ljcluid 

subject to Reyleigh's law concerning light scattering). While recognizing this, we believe 

that the best  instl'ument for this purpose i s  the nares oxin~eter  (a trarismission device). 

Unlike any of the other (including reflective), i t  is totally independent of skin thickness, 

coloration, etc. In addition, i t  has the valuable added feature of reading O saturation 
2 

f rom the internal carotid a r te ry  (the only ailatomical spot ~vhe re  this can be conveniently 

done) . 

The alveolar 0 measurement will be made by considering the mass  spectrometer observing 
2 

a t  end- expiration. 

3 . 4 . 6  O2 CONSUMPTION 

The breath-to-breath analysis of O2 consumption contains several inherent e r ro r s .  There- 

fore ,  for a steadv-state measure of O2 consumption, this technique is inappropriate. flow- 

ever,  the rebreather to be used for the Indirect Fick determination of cardiac output, 

Ventilations, and Diffusion measurements may easily be instrumented to  measure 0 
2 

consumption. 

If a non-soluable diluent gas such a s  N o r  He i s  used in the rebreather,  and if all C0, is 
2 - 

removed from this system, tile o,qgcn nddecl to the rebreather to rnniljtain a constant p 0 3  A" 



i s  eclual to tile met:liio!ically consumed oxygen. Such n measurement is quite aee~l rn te  over 

T, pcricci of  several rr-ix:tcs. 

3.4.7 VENTILATI(:\I 

In order  to study pr~ l t:ionary ventjlation, a Helium rebreathing methocl i s  recommended, By 

stuclging the rate  oi l leliurn partial I,13c.ssure decrease, ventilation i s  de t c rmind .  The finxl 

o r  steady-state of IJ(>lium concentration also provides a measure of Residual Lung Volume. 

As an ancillary to illis technique, evenness of ventilation may be studied by the single breath 

nitrogen measuremrhnt. This requires only an adaptor to the oxygen supply and the m a s s  

spectrometer (see E'i p r e s  3.4-2 and 3.4-3) both of which a r e  IMBLMS equipments. This 

measurement is les:> quantitative and accurate than the helium technique, and should be 

performed only if r'c*cluired. 

An alternate approacbb being investigated in  the "VELOCITY VOLUME LOOP" technique 

described by D r *  Rt)::coe G ,  Bartlett in his paper: Pulmonary Evaluation in Air gL Space 

might. Industrial h f  odicine and Surgery, 32:1, 2- 8, January 1963. 

Ventilation studies ilp the 0 l8 method have been discussed with Dr. Richard W. Hyde 
2 

(Penna. University) but a r e  not recommended because of their complexity and the unusual 

equipment necessary, and the fact that this technique is considered by respiratory 

physiologists to be : i t  best only a research technique. 

3.4.8 DIFFUSION 

The recommended tc\.lmique f o r  diffusion measurement is the Carbon Monoxide rebreathing 

method. The g r e a t ~ : , t  difficulty in performing this measurement is monitoring carbon rrsn- 
rf 

oxide partial p ressure ,  because CO and N2 interfere on the Mass Spectrometer. Therefore, k B 
"L& 

a special purpose 6 0  sensor is required. 



A cs~iver~ient  ancl accurate solution to this probIc1n IS presently being d~veloped a t  GE. In 

tllis ieehi;iqu<,  ti;^ gpLs s~::~ple containi-.~ CO is p2rse:l I:?r'o~_igl~ R r+eactoi* cc)ntainillg :i!er~,ur-~; 

(9xide :~,t 2 ( l o o ~ ,  Free Merc,!lry a ~ c l  CarLori Dioslrie are lil>orrrtetl an6 L ~ W S  t l ~ r o u g l ~  a Ina4S 

spectrometer befor5 being dumpecl overi~oard,  K e r c i ~ r y  '17apor partial pressure  \\.ill therl 

give an accurztc cieterniinaiion of CO partial pressure,  

Diffusion i s  a very important measnrement, especially ill the light of the use of the incllrect 

Fick Method for determining Cardiac Output. 

Figure 3,4-2, 3Tass S~ecirsrneter Configx~~;>i"rn md Ion Prth 
in X-Y Plane  





3 . ~ 1 ~ 9  MlTERIAL 0, SL1'I'URAII'IOIU' 

% r i l l  Q2 gr3diel>t, This measnrcment Ims been cfcseribeci in section 3 . 3 .  5, ~lvco!nr to f i r i t ,  ,.-, 

3 . 5  hIETi2T;OLlS3iil?JD i\TU'17E:TIOx: 

The measure of rnelabolism ,it:cl nutrition consisting of such tllizlgs as core ternperzJmr6i, 

body mass ,  muscle s ize ,  muscle strengeh and electron:vogrnm are  tlireet measuremcrits 

which zddcd to the derived energy nzetnbolism measurement (3 , s -  5) conlplete the require- 

ments as  evolved during our st~d:ri.r to present :I useft11 description of what occurs metabolj- 

cally in  a closed ecological system a t  zero 6. 

The measurements suggested also a r e  compatible with monitoring the crew's safety from the 

standpoint of ability t o  adequately utilize the food intake, also assessment of maintenance of 

n l ~ ~ e c l e  tone and coordination required to perform the assigned tasks for  operation of the 

flight. 

Core temperature is utilized a s  well in the performance of cardiovascular measurements 

and indeed is integral to the proper interpretation of their results.  It should be noted that 

this is a s  well a s  overall  metabolic measurements a r e  intimately related to measures  de- 

scribed under the titles of physiology ( 3 . 3 ) ,  respiration (3.4) ,  neurology (3.2), and be- 

havioral (5.0). 

3.5.1 CORE TEMPERATURE 

The core temperature technique was evaluated in comparison with a thermistor harness 

providing skin temperatures from twelve sites,  an o ra l  temperature thermistor to be used 

in conjunction with (or  in lieu of i t ) ,  and an anal thermometer. 

The core temperature procedure is our choice of method since our study revealed that great 

variation gradients exist  using the thermistor harness both from subject and also on the 

same subject a t  varying times under the same conditions. This las t  problem appears to be 

a function of the ability of the subject to replace f f~e  harness and subsequently hit the sarne 

contact points (as well a s  certain problems viL"rr rcgiortai blood flow cfiffercnces). The oral 



unjt  has also been discarcied for the follov,ing reasons, F i r s t  3 r d  foren~os t  the insertion 

and Itolding of l l l e  thcrti2istor 111 the oral cavil\-  ill grc~sslg inlcuiLbre wi th  ,c:ich f i l i ; ~ ~ ~  as  

relieving thirs t ,  talkirtg o r  esjiressing 11re:tth or:tlly without 3ffccli1~g tkci -Ic::~peraturc r e d -  

ings obtained. Secoxl~i and of coi~sic!er:ihly less  importrsnce the esttictics o£ the ~ r a l  ther- 

mistor have in the past presented a problem, Another coi~sicieration \vhich can he hanci2~1 

in the training pyogram but mny not he xihered to in flight i s  the zpplication of disinfectants 

to the thermistors before each insertion, 

The anal thermometer i s  also unrealistic due to variations in fecal mass, esthetics and the 

difficulties of acceptability to the subject. 

The core temperature thermistor used will be individually modeled to fit the astronaut. 

Pas t  experience has sllosvn it to be a reliable gauge of core temperature,  ha~ring a high 

degree o r  precision. The reproducibility of temperature changes due to s t r e s s ,  exercise 

o r  fever producing conditions is excellent. 



3 .  5.2 BODY ~IIZSS 

No ccrtzflicts a r i s e  a s  to the nerd for  this ~.ixcasv,l.enir.iltezt ivl;aich i s  basic: to the siudy of 

nutrition i?nd metrrlolism. 

The GFE Body i"i7:c:s R leas~rement  De7,ice (T3hEJID) currently being de:relopcd by ARID for 

NASA will be utilized for  this measurement. The BXIIPtlD works on the principle of the 

pcriodicity of a pendulum e. g. simple Xarnlonic moiion, m which the period of the oscilla- 

tion is a proportion of the square root of tilc body nlass. The device a s  conceived measures 

a total period of 3 cycles oscillation of mass  scale by a 6 decade digital t imer to an  accuracy 

of 10 '~ seconds. The prototype unit measured 50 to 1000 gm masses  with an anticipated 

accuracy of .03% of the measured time. Calibration will be only to 0.1%. It i s  anticipated 

however that the operational unit vrill operate in a range from l e s s  than 50 gms to greater 

than 200 kilograms. The anticipated accu-racy and calibration figures a s  given above reflect 

estimates based on ground testing, however a niore r e a l i s ~ i c  xppraisal would indicate an 

accuracy of just under 5% under flight conditions. 

3 .5 .3  PAUS@ LE SIZE A h J  STRENGTH 

The measurement of muscle s ize and strength, though relatively simple to perform, gives 

information of great import when evaluations of the effects of zero gravity a r e  to he made. 

Any change o r  reduction in muscle size o r  strength can seriously impede the subject in  his 

normal activities, in the operation of the space vehicle, also in  the performance of some 

tasks required such a s  those which utilize the ergometer o r  dynamometer. 

The measurement of muscle s ize is easily accomplishecl with the aid of tape measures and/ 

or calipers. 

Echo-sounding ultrasonic measurement techniques have been carefully considered a s  a 

potential alternate for measurement of either muscle o r  organ size.  This type of instru- 

mentation offers much promise for the future; however for IMB-G i t  is not now recowmend- 

ed because of the extra  instrumentation current1 y required. Such procedures a r e  considered 

a s  excellent candidates for inclusioil in la ter  expanded versions of the system. 



Measureil?cnt of s t~eng th  i s  rcco~~~nlerldcd tvith n 7ero li'eaction tl~ril~t~rometer trc;ecl in t'ie 

suJ,jectts hand.  It i s  recomrnendeci that suc!i 3 h:md g r ip  d~x~nl^i?ome:i r. 13e uscd .is a mc is-  

ure of upper-i~u:l~~ >di.englii. For I ' y  s ~ r c n ~ t 1 1 ,  tl.,i~ bicycle er;>,~rrititt:r. petia!s tx:in i le  l o c k d  

and instruulcnted \vi:h strait1 gaugc to rne'isurc force ti~:,lied. 'il'e rdcolnn~cnd tbds "ichnic;lle 

because the teclliliclue i s  sirllple and straightforward and  the equipmelit is already avail:ible 

aboard. 

3.5.4 EMG 

The electron~yogram is an excellent measurernent of muscle tone, and is a valuable tool in 

studying the effects of prolonged weightlessness on the n~uscle  system. 

It i s  recom~nended that the ENG be performed with electrodes attached preflight t9 the arm 

(biceps) and leg (calf). The measurement was analyzed, i t  was deterinirle that an trp;cter 

frequency limit of 100 Hz would be used for the EMC. This choice permitted use of VCG 

signal conditioners, and prevented an undue load on the Data Management System. IiXlLMS 

is also prepared to offer an integrated EMG signal i f  desired. Some consideration was also 

given to the handling of the EMG amplitude and frequency envelopes. These envelopes give 

an indication of the number of spike potentials per  unit time. For accuracy and ease of data 

handling this technique merits future investigation. 

3 . 5 . 5  ENERGY METABOLISM 

This measurement i s  to be taken both on the bicycle ergometer and while the subject is 

performing specified maintenance tasks. The latter will be performed under both pressure 

suit and shirt  sleeve conditions. Energy Metabolism is measured breath by breath, a s  in 

Section 3 . 3 . 4 .  

On the ergometer, RPM and watts output will be measured. For the maintenance task, time 

tags for various task ~e r fo rmances  must be recorded. .4s anadjunct to the behavioral arcn, 

cinematography will be employed a s  a measure of task performance. 



4 . 1  SUMMARY .----- - 
Those rncasurements pertaining to Biochemistry, Her;l:~tology, Cytology, &2icrobio lo i~  

and Immunoln~y have been re-evaluated in the lighc of two iliajor ground rules: 

a. F i r s t  Right date is rnid-1971. 

b. On all IMBEhlS flights one member of the crew wilt he a phjisician, 
phjrsiologist, o r  "rneclically trained" astronaut. 

The f i r s t  grci~nd-rule allo~vs more  lead time for dcveloprilent of I-~ardivare and techniques 

for  on-bcmrd cse.  Ti~us ,  Inore l.iernatolog-ica1 and biochemic~l  measures  call 13e done 

on-board than with a mid-1970 flight. On-board leucocyte culture sti l l  poses a problem, 

but in-flight procedures a r e  possible within the new sehcdule. Sonle imrnmological and 

lnicrobiological procedures could be developed for  on-boarci use with the added lead-time, 

but the extent to which these procedures can be incorporated into an on-board regimen 

is largely dependent trpon the ground-based stuclies needed to define specific measurements 

of interest. Therefore, ordy sample return is recornmended for  microbiological and 

immunological measurements. 

Although the guaranteed presence of an astronaut physician o r  biological scientist would 

aid in  making more  measurerneilts feasible for on-board performance, the added lead-time 

can be put to profitable use in training the candidates for IMBLMS flights in the procedures 

required for  on-board analyses. 

Each measurement on the selected l is t ,  a s  modified by NASA, has been evaluated for 

possible inclusion in IMBL,MS by the following cr i ter ia  in an on-board vs post-flight tradeoff 

analysis: 



b. Physiological Sig;nifiertnce 

c. Complexity 

d, Skill/Training Requirements 

e. Lead-time needed for development of On-Board Methods and Hardware. 

Implicit in this evaluation was that those procedures which a re  sensitive, precise and 

accurate were sought for on-board performance. 

Equipment which supports a number of analyses has been stressed, with single-use 

devices kept to a minimum. A centrifuge, a microscope, and a cor~trolled temperature 

storage capability can be used to support a variety of e,uperi-merits. The addition of a 

spectrophotometer/densitometer and a radioisotope sensor greatly broadens the on-board 

analytical capability. Development will be required if ground equipment design is to be 

modified for in-flight use. Currently available hardware, a s  well a s  concepts in various 

stages of development for automation of biochemical analyses, have been considered for 

possible application to IMBLMS. A l l  commercially available devices a r e  found unsuitable 

for IMBLNS use. However, a research and development effort* sponsored by GE is in 

progress in this a rea  which may well result in hardware applicable to IMBLMS. 

Modifications of existing biochemical techniques by simplifying wet chemistries o r  

devising "drytt methods have been evaluated. If an appropriate R&D effort i s  funded on a 

timely basis, a sizeable array of analyses will become available for IIQBLMS. 

With the establishment of the measurement scfiedu:e list, attention was lurtled to the 

measurement frequency schedule. hleasurement frequency is governed by a number of 

*The vendor is net working under this contract thus the Rights to Dat2 c la t~se  of this 
contract does not apply. 
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f:tctors, j .  e .  , voimne of sample, tilne to pcrtorm t i le rneasur en;ent, e>:pcnd:tbles ncetieti, 

ecli~iprneilt required, return sample \ve:ghi: .,rid volr~n-e, and n ost  impcirtant, data reqtl -c- 

nlents. 

Since the worth of a measurement i s  governed solely by Lhe quality of thc dala obtairreil 

f rom i t ,  each measuremtnt lizust have the altributes cf sensitivity, prc3cision and a c c u r z c ~ ~ .  

New o r  modified techniques and methods as well a s  the new o r  redesigned hardware and 

ancillary expendables needed to use these procedures must be thoroughly tested by both 

skilled tectiucians in the laboratory and by crew members themselves during simulated 

flights on the ground, Such testing can be included as part  of the control studies which 

a r e  a - s ine of every exqeriment worthy of the name. 

The IMBLMS Program offers an  exciting opportunity to perform well-designed experiments, 

supported by sound measurement techniques, in an environment which has unlmcwn 

e a e c t s  on the biology of man. The recommendations in this section a r e  directed towards 

the realization of the opportunity. 



Both autortl:ttic anti manual ~ ~ ~ e a s i l r c r t ~ c n t s  ~ v u r ?  e v a l r ~ ~ i c i l  for  I?ilt3Li$lS u s ~  i n  tbp i,,:ht of I!to 

NASA measurement list. CI-hcr niedsurc?mi_?iltc t v i r i ~ i i  h3ve been pre noasiy eoirsidcreri foz 

use on IMBUlS were 'xlso evaiuatect, 'hut i t  \\,cis felt that there w t y e  fec. j f  2r.y at! ! i i~ons 

reqnired for  the NASA list. Rather, the l ist  w:is looked a t  1;i-ilh a vic\li to rtciucing if; in ~ l z c  

until i t  was conlpatiblc with Lhe 1inlitrit;ons ilr-i>osed by !JbIBL3E, but rsioulcl st i l l  reiain all 

measuremenls necessaiy to clefint: tine cllangc s occurring 111 tile ~;)ysi010s:y ar-tl bioehe a~Fs tfy 

of the astronauts duiing an extended fligiit. 4ietSods were evaluated for  appliezlkion by coil- 

side-ring not only physiological significance but also complexity, crew sicills dnd lead-time 

required to flight qllalify the methods and associated hardware, in  a n  on-board vs .  posl- 

flight trade-03. During this trade-off, the NASA nleasurement l ist  nT3s sc1d3beQ cio~yl~ i11~i; 

a number of measurements o ~ n i t k d  from f u r ~ h e r  considerotion durjlig ?-his zt~ldy. 'CT7it3 t l ~  

m c a s v r e m e ~ ~ t s  to be made determined and the volm-cs of biolozic21 fluids r ~ q u i r ~ d ,  ;;]US 

the amounts of expendables needed in addition Lo equiprncnt requirements defined, ti:e fre- 

quency of measurement, was  considered in terms of the effects of this frequcr,cy upon a s t ~ ~ : -  

naut health, experimental design, R&D requiren~ents  and data quality. A rationtile fo r  %c 

perfor~nance on-board, the preservation of a sample fo r  post-flight analysis o r  I l ~ e  omission 

of a measurement is given in  this section. 

4 . 2 . 1  AUT0,nllATED VS. MANUAL ~ASUREI'LIENTS 

Currently available hardware, a s  well a s  concepts in various stages of clevel~pment fo r  

automation of hernotological and biochemical techniques have been considered for  possible 

application to IMBLMS. No commercial instrument lends itself to OWS use without a vir-  

tually complete redesign. A promising development, though, in  the automabed wet chemical 

analysis a r e a  is now ir, the breadboard fabrication stage aild is being funded by General 

Electric. (The vendor is not funded under this contract and therefore the Rights and Data 

clause of this contract does not apply.) This device also is planned to have an automatic 

cel l  counting capability. 
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which i s .  in tx~rn, 112: kccl bv a f i l ler  p:it?cr Llpe i i?~prcg~nte i l  \tritl~ the reagents reclulrcrl fc.1 

a specific test .  The rnembr;~ne pore size controls the passage of the blood col~stittlerits 

f rom the disc where the sanlplc has been placed. to the chemically treateci paper. The 

latter is dried ancl heated for  color clevelopnlent and then run through a densitometer. This 

arrangement is excellent for repetitive samples - for  example, the hospitai laboratory 

where one hunclrecl o r  a tl~ousand of the sanle tests a r e  to be run each day. However, for  

an IMBLMS day, a nwnber of different tests may be done on each given sali~ple of blood, 

serum, plasma o r  urine. Thus a ser ies  of several discs would have to be p l x e d  in  seclucnce 

with the limiting factor being the pore size of the membrane chosen io r  backing the ffikr 

paper discs upon v.hich the sarnples a r e  placed. Another version of Natelsonts approack is 

discussed under Manual ILIethods. 

NASA Tech Brief 66-10515, JPL Invention Report 30-S62, Apparatus Enables Automatic 

Microanalysis of Body Fluids, was reviewed and the analysis unit discussed with JPL per- 

sonnel. It was designed for  the 30-day Biosatellite, but the analysis unit has not yet func- 

tioned fo r  30 consecutive days. No infornxation on precision o r  accuracy is available. The 

device tvas of interest because of the small sample volumes used (ultramicro range) but 

the tolerances on the moving parts  a r e  so  small, that it is doubtltd, with the present design, 

that the accuracy of sample and reagent measurement can be maintained over a period of 

60 days x.vith a high usage rate ,  Of note also, is the statement made by a n  official of a 

company which i s  a potential subcontractor on IMBLIIS that the JPL analysis unit infringes 

on previous patents filed by him. 

Undergoing developlnent at the present time in the Bioastronautics Laboratories of the 

General Electiic C o ~ ~ l p a q ,  is a device which will pe rk r rn  a itride range of wet chemistrias.  

The initial breadboard will be able to perform t~r-o simple colorinletric tes ts ,  total hemo- 

globin and the biuret renction for total protein. At later points in the developnlenl c j  clc ,  

capability lor  in,. , L I L ~  i i~e  follo~% ing mea,curolilcHt,.;t it 111 he arttied : Sutlirrm. :>( LIA.  I c i~ ; ,  



4 . 2 . 1 , . !  Pkianual 7,Icthods 

Natelsonfs a p p r o ~ ~ c h  has ? x c n  discussed ullc'ter paragraph - i . l .  1.1, ' t l o ~ t e ~  er, a man~:al lilcthoci 

using l.js paper iapes woulci consist of nialiing up tapes of approximately band-aid size nith 

a differerii band-aid for each test. Thus. each piece of ttpe cc\uld co!rlain both sta~lclarcis 

and fil ter pa-per discs  upon which a sanlple could be placed. For example, for blood glucose, 

standards of 50, 100, and 150 rrlilligrams percent plus six test  spots (two each for  the three 

crew members) could be contained. The test  samples would be placecl on the appropriate 

discs ,  the fi l ter paper pressed, heated for  color cleveloprnent, and then read by densibmetry,  

Although densi toinet~y is not the most accurate of methoci:;, Natelson claims that his present 

accuracy and precision of - +lo% can he greatly bettered. One possihle ~mpro~,remcnt ivhicir 

may be of meri t ,  would be to use cellulose acetate s t r ips  which, when properly cleared 

become transparent and allow more accurate measurement of color development, a s  in 

electrophor.esis. Natelson now can do glucose, urea and protein on whole blood, sad also 

can do urine an~morlia. The number of tes ts  that can be developed is a function of funding. 

A number of conventional methods have been evaluated, both for heinatology and biochemistry. 

In the hematological a r ea ,  the only automatic method readily available would be cell  counting. 

It is possible that within the next few years ,  hematocrit and red cell  mass  may also be done 

automatically, but these developnlents a r e  long lead-time items. 

Conventional wet chemistr ies  have, in  many cases ,  been simplified to the point where ~ m -  

skilled technicians can be trained to use these methods and obtain results suitable for  tIie 

clinical laboratory. Among those companies sulveyed who purvey Icits, pre-mixed re:igents 

and the equipment n l th  which to use them, a r e  Smith, Kline Instrument, Dade Reagents, 

Hy-Cel, Inc. , Harleco, and Ames. The Dip Stix nlade by Ames, and similar products 

made by several  of  heir competitors. tlo have a use for  IfiEBLhIS, specificailv for  the on- 

boarci. roufine ul-inal\-sis. These ci1en1icallj treatccl s t r ips  sz luch c.!l.r ngt. c c ~ l r ) ~  roi!;!:i: rn 



proportioi? to the prcse;;c<i of 3 gir-eil consliiitcni a1.c iri'oss t i  st:; ti.iljci: : s l i I  

tvhcthcr or. ~ i o i  :t given i?ici i i - i ; iu~~! i s  1i.i t h in  t i ~ c ?  "n;~l-ni:i I "  I-atr, .> ' 1 1 -  r io t .  iioii,i:vc;~', c.i!?( i? 

IhIUI,;\JS is 110t :ill (31 i ) i !  !!is 11~sj)ital o r  i io~tor ' i .  ciCfiec. the :_.<:st of !he nieasur.emc::ts i~li i . . :)~ 

a r c  to be 111z(ie on thc crenr l;lenrbers ciul-ing IT\lfiL>IS n ~ i s s i c ~ n s ,  i~;:lst !;e pcl-i'ormeci \;.it11 

methods. nrliich will give results of - +55, precjsioil anri accuracy a t  the vrorst. 

The Esltalnb Clinical Chemi s  ti^ Sys tc111 mnn~d',?cturetl hr- Smith. I(liae Instrunlent Co.  , n 

clivision of Smith, Kline and French hbc>rator ies ,  consists of pre-measured reagent tablets 

(only one per  tes t) ,  a disposable cuvette assembly, and a spectrophotometer. Using self- 

filling nlicropipettes, seveml determirlations can be run on a single blood sample. The 

largest sample r e q ~ ~ r e d  for  any test  is 50 microliters. AIost use srnaller samples. Pre-  

filled diluerlt reservoirs  a r e  supplied ni ih  the correct  amount of fluicl required for each test. 

A11 adapter coi~vlects this reservoir  to a clear  plastic ciisposnbic cuvetk.  The teclmiqus used 

for  a l l  tes ts  i s  as follo.cvs: a reagent tablet is placed in  the cuvette, the adaptor is then 

attached. Next, the diluent reservoir  i s  connected to the adaptcr and the assenlbljr i s  

inverted to dissolve the tablet. A micropipette is used to add the proper sample volmIe to 

this mixture. A f k r  color development, the absorbance of the mixture is measured in  the 

spectropl~otometer and the disposables a r e  discarded. This systez-rl holds promise for  

possible use on IICIBLMS, but req~r i res  considerable development and a t  present i s  limited 

to seven tests,  with others scheduled for release to the commercial market  in 1968 and 19E9. 

Discussions have been held with both Dade Reagents and Iiarleco which a r e  s ~ h s i d i a r i e s  of 

American Ilospital Supply Company, Inc. and the estimate made by a joint team from these 

two companies indicates that approximately one to hvo years  of development i s  required for  

a reasonable complcment of biochemical tests. Smith, mine Instruments, Dade and Marleco 

a r e  al l  interested in  developing tests based on pre-pacliaged reagents with the goal, in  many 

cases  already real i led,  of one reagent capsule o r  pel:?? per  test. 

The most probable combination of onboarcl measurenl-ents, based nIlon our eiraluations to 

clnte, v;ould appear to be a cornbi:lcition of certain Satelsonis t q c  melllcids. plus a Zimitec! 

,n_umi~er of n e t  c l~ernis t i ies  a s  iniliruted in Sc t t l o i l  1.2s3.1. I!on cver ,  i t  r i i u~ t  be e n ~ p i i ~ s i i c  i! 



that eotlsi:i~l.:;itlc g,ro,rn;l Wstiug is rccji:i ~ c c l  ~n orilel- to ni:~hc tLle I;I~~CLS .~v;lil;l!~lc i n  a iornl 

isllicil nwcts tllc ground iqules lnitf ctolrrl by SASR for ~ n a t e r ~ a l s  pcrn~ittcci on-bct;lr*ri s p ~ c t -  

cr:if~. Fr~rthevrnore, t>rorlific:ttion oi' t l i ~  e;;pt>~ic?~thles, such '1s c i i \ .c~ i+ i~s ,  j s  esscnfi:il b c c a r ~ ~  c 

of thc ht\llavjoi. of licit ~ c l ;  i n  zci-o-:, . i i  is Lllso sssui~~cti c i ~ n l  c o n c u i - ~ c n t  iirlth I'i~i. cIec:?i~;)nie:it 

of wet  chenueal wethods. +he nccessnr; hnrc,ir.are will also be cievc~loi)cd. Therc i s  lltilc 

time f o r  cielay, bccausc a lsvo-year lead hrue estinlated for  flight cjualification of an a r ray  

of meti~ods plus the haucin-are anci expei;ri:xbles necessary to perform t l l c ~ r ~  cloes not iiicluile 

the procurenlent cycle. The ~ L Y I  years i s  estimalecl from the f i r s t  ~vor1;jng day of th? con- 

tract.  Therefore, alljT delay in  im tinting R&I> for  development of new and nlodificxtion of 

ex i s t iw  techniques \rill decrease the munber of tes ts  available for  IMBLLIS. 

A major benefit derived from sinlplified manual methods i s  that automatian of a tcst  requir- 

ing acldition of only one reagent to thc sarnplr.: is much simpler than automating a test ]using 

three o r  four reagents. 

Simplified manual tests,  then, a r e  available which can be used for  analyses of on-board 

IMBLBIS if R&Il funding is forthcoming for  development of techniques ancl flight qualified 

hardware and expendables. 

Tables 4.2-1 and 4.2-2 group blood and urine measurements by the volunle required for a 

single assay. The total volunles (worst case) xvhich will be required f rom each astronaut 

over a 60-day period a r e  depicted graphically in  Figures 4.2-1 and 4.2-2, using the same 

groupings. 



Fibrinogen 

AC TH 

RBC Mass (On-Board) 

I Protein Electrophoresis I 
RBC Survival (Ch-Board) 

Total Body Water 

Blood Cell ailorp'nology (Or! - : t~ard) 

RBC (Total) (On-Board) 

WBC (Total) (On-Board) 

WBC Differential (On-Bo:j l ' ( l i  

Platelet E stirnate (Smear) (( 

Reticuloc yte Count (On- Bo: 1 l'']) 

Hematocrit (On-Board) 

Bleeding Time (a-Boart l )  Nu Collection 

Clotting Time (On-Board) 

Bilirubin 

LDH 

LDH Isoenzymes 

SGOT 

SGPT 

PBI 

P r o t h r o ~ ~ b i n  Consumptioil 

Transferrins 

Galciurn 

1 Phosphate 1 



3 - 1  BLOOD IIIF:~%CjUllt::ilf:?;'Tti- c;iiOt P I S ( ;  1:5 1 C)IdVhl l :  Or 
UI,OOT> SA3IPIX I'LI:(jTTIRET? TOIi A S I S G  IL: itSSrlJ (Coill) 

Uric Acid 

Aikaline Phisphatase 

C P K  

Irr~rnunoglobulins 

Complement Titration 

Antibody Titration 

Parathyroid Hormone 

Ly~nphocyte Kal-s.otS;ping (On-Board) 

Plasma Volume (On-Board) 

F ree  Th~rroxine (T4) 

Fiblinolytic Activity 

Blood Lipids 

> 5 5IL BLOOD 

Electrolytes 6 - 10 

Calcitonin 50 

Mineral Metabolism by Isotopic Techniques I 10 



TABLE -1--2-2. URIXE AIEASUREiilESTS - GROL?PI_i'i: 
{TRINE SAhlPLE fZE(J1'113E13 F'OR t'l f5lXGl.l- - 

Color (Oiz-Board) 

Specific Gravity (On-Boarcl) 

Glucose (On-Board) 

Protein (On-Board) 

Blood (On-Board) I 
Microscopic Exam. (On-Board) I 
Mucoproteins 

Total Amino Acids 

ADH 

Accurate Urine Vol~une 

Creatine 

C reatinine 

Nitrogen 

Calcium 

Phosphorus 

Potassium 

Chloride 

sulfate I 



TAB 1s 4.2-2. tmmPNE h"iEASC44':E:vIENTS - GROtil7I;u'G BY V O L m E :  O F  
[mi<EF, SAXWCZ REQULRED FOR Sl;<G u< L2k5SA\7 

--.-----.------- 

1 - 5 it L Ut.fNE - ppm -*--- -.-- - 

pH (a-Board)  

Biie (On-&asd) 

g r r o p h o s p h k s  

Hydroxyprolines 

VMA 

5 - F I  

Mrigne sium 

Aldosterone 

Mineral Metabolism by Isotopic Techniques 10 



BLOOD VOLUME FOR A SINGLE ASSAY 

Figure 4.2-1. Total Blood Required per Astronaut fo r  60-Day lVlission 

URII";E VOLUME FOR X SINGLE M A Y  

Figure 4.2-2, Total Urine X e q ~ r e d  p r  Astronaut fo r  60-Dzy Xfission 
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4.3.2 OK-l<OARD VS POST FLIGEIT TIIADLGFF 

Two ntajor v a ~ i n h l c s  nflect tllc rnt i i~gs oblainctl for tach ~:icnsurement. l'ilese art': 

a ,  The sl;~!~/traini~~g/cxperie~rce level cf asi;-oi:au;-experit~:cnters: 

b. The availability of flight qualifjecl analj-tical procedures anrl hardware for 
on-board performance of in-iiight annlyses. 

In making this trade-off, it has been assumed, therefore, that NASA ~.vill rrialie provision for 

the training- (lecture 2nd laboratory) necessary to reach the skill levels required for on- 

board measurements and initia-te appropriate procurement action so that flight prototype 

methods and equipment will be available for training purposes and flight-qdalified methods 

and equipment will be available for on-board nleasurements 

The cr i ter ia  used in this  trade-off, (Table 4.2-3),  their definitions and the weight accorded 

to each criterion a r e  discussed below. 

A. Physiological Significance 

1 0  = Most Significant 
1 = Least Significant 

This value judgement is concerned solely with the ~nforination regarding manf s physiology 

to be derived from a given measurement, Nost analyses accorded a significance of 10 

a r e  well documented in  the biological and medical l i terature.  Those rated a 10 for  xvhich 

there a r e  few literature citations a r e  measurements which, in the light of present theory 

o r  experience, a r e  related to possible physiological problems in space. Since the quality 

of the information obtained from any measurement i s  a function of the analytical technique, 

the sensitivity, precision and accuracy of the methodjs) available for making any given 

measurement wsxe considered. The source of the sample was also included in assiglling 

a rating. 



B. -- 'I'cclznical I'c3sibilii~7 of Perfor~nrnr, - tkt .  X n a l v ~ i s  On-Fioard - A s  pe r  th? Phase k3 

repor t ,  this v;ns brolien In two compctnenls, comp!e.ciiy arrd sliiIl/trnrning, cach of ~ . i i i c h  

was  rated separate1 y for each nieasurement. 

8 = Least Complex 
1. = Most Conlplex 

The term,  complexity, includes consideration of the number and type of manipulations, 

dexterity and facility required, number of pieces of equipment and time of performttnce, 

D. Skill - 

6 = Least Slcill/Training 
1 = Most Skill/Training 

Regardless of the amount of pr ior  training and experience that a "medically trained" 

astronaut has had, he sti l l  will require co~isiderable pre-flight instruction, both to refresh 

his memory and to become familiar with prototype flight hardware which will differ to a 

certain extent from common garden variety laboratory equipment. The skill/training 

ratings were assessed on  the folloxxing bases: 

6 = Idiot Proof, < 10 Hours of Training 
5 = 10-50 Hours of Training 
4 = 50-100 Hours of Training 
3 = 100-202 Hours of Training 
2 = > 200 Hours of Training 
1 = 200 Hours of Training plus Pr ior  Training and E'xperience 

E. Safety of Performing the Analysi s On-Board 

L O  = Safest 
1 = Most Hazardous 



The tern1 sa fe ty  cncoukpnsscs the ainolri;t of volatile ~ n n t e r r a i s  ( c ,  g ,  cilir-r) ustxrl ~nii , /or 

added to the S/C atmosphere, the presence atrd amounts of hnzardous compouncia fe, g. 

su!hiric acid, egzni.de sal ts)  used, the  ci:en~f[.:tl strtl,f!ily C T ~  t ! ~  ~ ? ~ i x t t ? r e s  of C(? I ' I I :XYI~~ .~~ ,  

the hnndl~ng of to-\ic axl//or. hazsrllous ci icmicnls ,  i l ~ g h  Ccmpcraturc>s rccluired i n  n glv(%i: 

analysis (e.g. boiling, asliing), arid t h e  rr C ~ U C C L I  pressure anti possibly oxygen-enriclt:x~ 

atmosphere of the S/C, * 

F. Redundancy o r  Overlap 

5 = Unique 
1 = Redundailt 

This miterion is an assessment of whether o r  not any given measurement i s  unique i n  

t e r m s  of the data obtained from that one measurement. 

G. Development Lead Time 

4 = 0 - 6 Months 
3 = 6 - 12 hlonths 
2 = 12 - 24 Months 
1 = 24 hlonths 

These lead times include flight qualification testing for hardware associated with any given 

test. The assumption made is that hardware required to malie any n~easuremerit(s) on- 

board would be developed concurrently with analytical methods. 

It is also assumed that the R&D needed, before on-board measurements can be performed, 

will be initiated in calendar year 1968; otherwise, the cornplement of on-board measurements 

will be reduced in  number. 

*For a detailed discussion of hazards, toxicity and coinplex~ty, see  Final Report, 

Contract No. NASW 1562, pp. 3-11 to 3-40, 3-53 io 3-63, and 3-77 tc  3-80 where 

techniques for  cer tain measurements a r e  described in detail. See, also, ITvlBLBlS Phase B 

F i m l  Report, Volume I, Contract NASV-16:?0, pp. I, 3-34 to 1-3-58 ar,d I, A-49 do I, A-67 

where specific methods fo r  rneasurernents a r e  presented in tabular form. 

4-17 



In a few cxses,  I~ioiogical pro1,fems llfivc Lecn e~~coui~tcrec!  n-Irfeh :ire tiotcrl in t h e  7 ab2es 

(sce I,egei~<lj, Thcs,; ~ i~ens i i r cn~en t s ,  even c i7a i l~ i~  in the eln-ljoa: i i  o r  prcscri,e categories, 

silllply cannot f ~ e  h ~ i , t ~ l e d  xviihin the prcscnt state-of-tk-art .  TI?ey are omitted, - 3 
LJ 

All other rneasnren;ents with a ra t ing of 20 or above are proposcd for  performance on-hoard, 

those with a rating of 12-29 a r e  recomz;lendcd for post-flight analysis on preserved samples 

and those with a rating of 11 or  less a r e  omitted from further consideration in this study. 
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1.3 .2 .1  Kaiionales -:or (rv-i'ioftrd VF l?--obt-T i rgix ~ i ' ~ ~ ~ i i t -  Oif ------ ---- 

For each on-bo~rd, p~. ,~t-f i rgir l  anc! o ~ i ; ) i  : ! i ' ~ ~ ~ ; o n ,  ri r;,tlori=il~ 1s (rivtv:, ;is ~ ' , ~ 1 1  :rs 3 

suggested riieasilT en~ergt f , - ~ ~ ! u ~ n c y ,  In addition, st.'ected mcasur.enleirts n e r c  clloseri o be 

performeLl on- -hard ,  a s  3 tes t  of lnerhods and ecwiplnent, k i th  a post-flight Itacic;ul? to 

assure  c?atn of re:;earch quality. 

4 . 2 . 2 . 1 , 1  Gn-Doarci with Post-Flight Bacii-up 

After the o n - h a r d  vs  post-flight trade-off was completed, two of the three groups into 

which the measurements fell (on-board and preserve for  post-flight analysis) were further 

examined. Certain wet chemical measurements v ~ e r e  selected for performa~ice on-board, 

wit11 a post-flight back-zip. These a r e  shown in Table 4 - 2 4 . .  The reason for  their choice 

i s  quite simple: Lilt rnet!:o& for these tests  a r e  de~e loped  to the p i n t  where the major 

l imi tk~g fac:tors for their o n - h a r d  use center on the development of a flight qlnlified 

spectr~p!-iotometer/densitometer and ancillary expedables, such a s  volumetric capillary 

pipettes xnd ~ u ~ ~ e t t e s  desigr,ed for use in y.t-zightlessness, The lead time required tlr~ough 

flight qx~alification of the hardware i s  less  than two years ,  Furthermore, these assays,  

when performed on-board subserve the following functions: 

a. Form a screening test  for hea-lth and safety purposes (quasi-real-time data is 
obtained); 

b. Test  flight hardware to be used on longer missions 

c. Test  flightmethods applicable to additional (other) assays. 

Although the measurements shown a r e  performed using simplified techxiques, none a t  the 

present t ime has the requisite combination of sensitivity, precision and accuracy niandatorg 

for  research  quality data. Dr. Samuel Xatelson, Mechael Rcese Hospital, Chicago, has 

developed a rnetk,od using paper tapes (see Paragraph 4 . 2 . 1  for description) impregnated 

with appropriate reagents, Three tests  a r e  now available (blood glucose, u r e a  and total 

protein) but the present accuracies and precisions of + 10  percent must each be brought to - 
+ 5 percent o r  better to qualify as the methocl of m e a s u r e n ~ e ~ t  for  IRIEL3IS. Assuming - 
that continued development is supported, some tape methods can he used on-board in the 

1971  t ime period. 

4-23 



Tab12 4-2 .4 .  On-Uonrd Tests  \i i th  I>o.s;t-'r;'light 'riscku:, 

----*-- -me - 
5VXVE LESGTK 

I\IEASURET\IENT 

Glucose 

A'&. Phos. 

SGOT 

Bilirubin (Total) 

CPK 

BUN 

LDH 



Smith, PJililnc Instrurncnt C o m p n y ,  a c1ivi;lun 01 Sniitl?, lilline and I;'rc?~reh I,ql-~r:?tr;rles 

has developed the  ESii313i3* Clinical Citc~~;:slrii System n!~rcil 1s Invgely b3hcd on r icenlvi l  

per f~rrned bs C : ~ l b i , ~ ~ l ~ ~ ~ ~ ; .  iT-11:s f's\.r:;t~;;: ( % >c l L ~ ~ ' a g ~ l l p h  1 a 2 -  1 $\>I- L ; ~ S \  i ~ ~ ~ L L I I I )  ~ \ < C C : Y ~  SOIITC~ 

nlethocis ( ~ l u i ' o s c t  , a l k l l i ~ ~ c  phos:>h:l ta se ,  SC;1)T", SG2'r) 1~)tal  Ijilil-ul-iin, CPE;, and 1,TIii) 

of interest,  I>aubl? billid slx~dies on a :;m. of t'ilese test:.. have bee17 run in scvcral hor;;)il;al 

laboratories i n  t k  Phl;fi~I~~lphi;i; azea, b ~ t  no m r a m r e s  of irccuraej. aa3 preclslon La;ic yet 

been assigned co eclch method. ?-i.lodifrcatious of cuvel-tzs : i d  reager;t pae!irtging will be 

required for  fllglzt use, CPK,  LDF!, SC4T and Gl~cos t :  &,says csll bc: performed ~ w t h  

efx]'i!~es that a r e  dependent on KiID a s  r he ccemynle, For  these and other measurements 

using NAD-depe71cien.t citTJmes such a s  SCPT, glacose-6-phosphate dehydrogenase, 

pyruvate 2nd iactate, oilly one ware-lengtn, 340 mw,, i s  needed for photometric d c t ~ r m ~ n s t i o n s ,  

If c~n-toarcl net  chelnisrrics were to bt confined to this l in~i ted  group of rneasuremenTs, 

i ~ ~ s t n ? c ~ c n t  tic-rclopmerlt. 7,vt:iild he g r e ~ t l y  silnplified; l ~ o x ~ e ~ e r ,  the y;eusatilzly that a. 

cpecl-ro~hotourcter o r  a group of i;~lerfere:ce filtel s offer would be lost. 

Dnde i',..;.zigents, IEC. and E-iarleco, both s i~~bsidisr ies  of the American IIospital Supply 

Corporalion hzve methods s imilar  to those of SKI, which can he adapted for use in 

meightlessncss. Table 4.2-4 then, represents a l i s t  of measurements, which a r e  feasible 

to c-lo on-board, if developlnent can be funded, 

The post-flight bachip for  each of these measureinents is strongly reconirnended because, 

even ivtth extensive ground testing, the hypothesis that the methods can be used during flight 

must be tested in orbit. Thus, .a  preserved sample is essential if each e,uperiment i s  to 

be supported bgi adequate data of good quality. Conversely, should preserved samples be 

lost  o r  damaged, the in-flight measuremellts a t  least  furnish some information on the 

blood chemistry of the crew. 

Each of the m e a s ~ l e m e n t s  recommencied for  on-board performance, vJith a post-flight 

backup, i s  treated separately below, tvith a rationale for i t s  inclusion in this category. 



AZeasurernent 

Alkaline Phospllalase - Strum On-Eoard with Preserved Once a Weel; 
Post-Flignt Back-up 

JUSTIFICATION - RATEONATAE 

Serum allialinc phusphatese levels are  indirect measures of liver,  1cic":nt.y and parathyroid 

function. It is also altered by metasfatic lesions of h n e .  Post-flight aairalysis of presersred 

serum samples should be perforn~ed a s  a check on the in-flight assays which can be viewed 

a s  part of the health and safety screening procedure, 

Recommendation 

On-Board mitk Preserved Once a Weck 
Sample for Post-Flight 
Back-up 

JUSTICICATIOX - RATIONALE 

BUN is a useful meamre of renal function which is altered by kidney disease, excessive 

protein breakdown and dehydration. The last two co~lditions may be encountered in space 

flight in view of the loss of water and changes in lean body mass which was evident in some 

Gemini astronauts. Chemical proceclures for measuring BUN a r e  lengthy and difficult, and 

involve the use of some toxic chamicals. However, both paper tape and enzymatic methods, 

adaptable to use on-board a spacecraft, a re  available. The in-flight measurement is part 

of the health and safety monitoring with the post-flight assay insuring that high quality data 

for research purposes is obtained. 

Measurement 

Bilirubin - Serum 

Recommendation 

On-Board with Preserved Once a Week 
Sample for back-up 



function in geilcrnl. i t  rs :tlso ~hzingc s In :i-r:cn~r~xs, inc11ltlrr;g tii:il clue lo cIecr~sst.r? ~ r y t l l r r t q  l r '  : n ~  i r i .  

formztit)n, and carcdiri. ~ : I L ~ U L ' C .  Rec:lust‘ 61 the cilange ol)ser.ircil rctd ccJI ~ n a s s  ciii Gel-ilini 

flights, i t  i s  a significa~lf, part".;neter for study, Colli~entju~-nl tpchrticlues a r e  difficult, for 

the i l~os t  part ,  and soale reaqents employed in rouiine and ysis are  toxic, IJoivever, a 

sirnpljfied tec111:ique 1s availziblc si  irich coulci he 11 seci on -hoard, i t , i i l l  :L lx>,rt-flight analysis 

on a preserved sample ns a b~cii-up, s ee  Paragraph 4.3.1. 

--- 

hieasxrenlent ---- Recoml~lendation --- Frequency -- -- 

CPIC - Serum On-Board with Once a SYeek 
Preserved Sample for 
Back-up 

JUSTII1'ICATION - RATIONALE -- 
The level of s emln  crezti.ne phosp'i~okimse i s  altered in certain disease states such a s  

myocardirzl infxrctions, myocarditis, muscular dystrophy, cerebrovaswlar  disease and 

hypothj~sidism, These conditions a r e  not likely to occur in healthy male adults. But C13K 

is also changed by muscle trauma and severe exercise, Differences behi7ecn changes in 

ground--based controls and astronauts m space flight may well yield insight into tile meta'boiism 

and energy eqendib i re  required for  space missions. It is recoinnlended that sanlples be 

taken for  this piupose. Older procedures for analysis a r e  complicated and difficult, but a 

newer method can bc used and tested on-board. Since the little available literature that 

exists suggests that preservation does not a l ter  values significantly, post-flight measurenients 

should also be made upon preserved samples. 

H Measurement Recomn~endation Frequency 

Glucose - Blood On-Board with Once a Week 
Preserved Post-Flight 
Back-up 



JUSTIFICATTON - H.Ai"IC)!tiiZ,E ----- 
Normal blood glucose levels (in f3strng subject) are  rleee:;snry for the  hea l~  h and ~ C ! ~ C I U ~ L ~  

functioning in astronauts. 'Testing- t~lucosc levels \:;oulci p - r m ~ t  insjg!zr ilri-o ttne eifect of 

space flight on ~ ~ r b ~ t i \ ~ $ ~ ~ S . t ~ >  metabolism, liver ailti pancreas f ~ ~ i ~ c t i o n .  L c.cels a ~ * c  rrot 

likely to al ter  dr,?ctically in the healtl~y rnxle aChlt, but since proeccTt~res for- rncos1:rin.g 

glucose which can be modified for o n - h s r d  c s e  a r c  avaflzble, this ureasurerueat can k c  

performed on- i -~3rd .  As  a check on the in-IXigizt ar-ialyses, preser~zed san-:pies can he  

assayed post-flight. 

Frequency -.-- 

1,DH On-Board Once a Week 

LDK Isoenzynes Preserve Once 3 V;j;;~?k 

JUSTIFICATION - RATIONALE 

On the ground, marked changes in LDW (lactic de!~ydr.ogenase) concentration and in t h e  

isoe~lzyme electrophoretic pattern only occur in  certain severe disease s tales  which do 

not occue i n  heaftl~y, adult males, e. g. rnjrocarial o r  p ~ l m o n a r y  infarcztion, acute hepatitis, 

muscular dystrophy, certain anemias and leukemias, ete. The technique for analysis cf 

LDH isoenzymes i s  diflicult and time consuming. Although some change in  pattern and 

concentration may occur under the conclitions of space flight, none deleterious to health 

and safety a r e  expected. This measurement on isoenzymes should be performed post- 

flight on in-flight samples with an LDH assay  performed on-board (with post-flight back -~p)  

as a part  of the in-flight screening. 

Measurement 

SGOT - Serum 

Recommendation 
P 

Frequency 

On-Board with Once a Week 
Preserved Sample for  
Back-up 



disease stztcs of the hcarr. (myoeardisl ~irf;rot), 1i:~i.r (o i~s t r  rctivc j:u~ndice, hcpntitis, 

cirrhosis, infecliczs monon~~~cleosis and r~eoplasrn), lriirs~le and blood (Icukernia o r  anel-:i~), 

Ur*tag toxicities of various types a re  also reflected in the level of SCOT. In the healthy 

adult man, however, the oaly effects vzkfch may be seen tile ehaslges chte to trauma 

(accidental or  operative). Because of its versatility as a diagrtostic indicator, the 

measurement skculd be done. Procedures ior  on-board use can be readily adapted from 

techniques new mailable, see  Section 4.2.1. Post flight analysis of preserved samples 

is recolnme~rried as a back-up. 

--- --- ---- --- 
Measurement Recommendstion 

M 

Total Protein - Plasma On-Board with 
Preserved Sample 
for Back-up 

Once a Week 

JUSTIFICATION - RATIONALE 

Plasma protein concentration varies due to many factors such a s  disease, radiation a.nd 

dehydration. The first factor should not be important in healthy adul-ts unless space flight 

itself acts a s  a Wisease" and alters plasma protein concentrations. Radiation and 

dehydration may occur during space flight and thus plasma protein concentration should be 

monitored. Conventioral procedures for analysis do present a hazard. A newer method, 

although not completely proven is recommended for on-bard  use, see Paragraph 4.2.1, 

post-flight analysis of preserved samples is recommended a s  a back-up, 

4.2.2.1.2 On-Board Measurements 

Each measurement receiving a rating of 30 or  better in the on-board vs  post-flight trade-off 

(Table 4.2-3) is included in this group. 

A number of measurements such a s  feces wet weight, hemalocril, clotting time, and 

miroscopic emmination of urine, must be done on-board if they a re  ta be done at dl, A 

rr,?jor limitaGon, however, in the on-'masd selection was equipment design. 



In generai, thc equipment rcquir'eci to perfol-nr ihcxse :~leasuremelr"Ls is ilol avail,ti):e 32  

present in  f l i g h t - c i i  ~ I I .  Studrcs by Gct:eral E i ~ c k i ~ ,  hov,revcr, r efllected in 

Table 4.2-2 under "Dcvelopmt:nt 1,ead Timetf ,  show tilc f.-asibilily of dzvcloping such flight 

qualified hardware within two years or  Icss. 
"! 

+ i 
h9 

A centrifuge concept for the separation of plasma or s e m m  has been described in previous 

reports to KA§A (Fjml report, NASA Contract, WISW-1563, and JRIBLXS Phase I3 Firmal 

Report). A wasking machine concept is described in this report for collection of sweat 

electrolytes. Spectrophotometer desigri must take into account g-loads during launch. 

Equipment for lymphocyte ltaryotyping i s  feasible, a s  i s  an on-board radiation sensor 

for counting isotopes used in RBC mass and survival studies. Each of the on-board 

measurements is discussed below. 

Measurement 

Accurate Feces TNet Weight 

Recommendation 

On-Board 

Frequency 

Every Day 

JUSTIFICATION - RATIONALE 

This measurement i s  essential to fluid balance and nxtrition studies. Since a mass 

measurement device is available, the wet weight can be done on-board more sccurzitely 

than would be the case if  wet weights were obtained post-flight on preserved samples, 

Measurement 

Accurate Fluid In-take 
Measurement 

Recommendation 

On-Board 

Frequency 

Every Day 

JUSTIFICATION - ASATIONALE 

This measurement is Decessary for study of fluid balaaca which was observed to become 

negative in some Gemini flights. This measurement i s  important to the health and safety 

of the astronaxts. If made periodically throughout a Right, it will assist in determining 
p3 

the time course of development of a sipificantly negative o r  positive fluid balance, 



iiccur:~te Urine 
Volun~c IiIeasurernent 

R c ~ ~ m n i ~ ~ : i ~ i ; i  tion 

On-Board 

Z;'rc:cuenr~~- 
___ilZi 

Every Dzy 

JTJSTIFIC ATTON - R.rlTIOSALE --- 

This 1rIeasure;ncnc is csseiltisl to I'!r:;id and electrolyte balance studies. Storage of the 

total voirlings of all tirrce crew m e ~ n b e r s  is impossible so that the measurement- must 

be made on-board. GFE equipment has been proposed to accomplish this task, 

Bleeding Time On-Board Once a Jx4cek 

JUSTIFICATION - RATIONALE 

Although not a cj.ij:tvltittitive test ,  bleeding tirne measurement may indicate changes in the 

clotting mechariisms of the astronauts. This can only be nleasured -- in situ and becomes 

more  i m p o r t a ~ t  in radiation exposure. 

Mezsurenlent Recornmendation -- - Frequency 

Blood Cell IkIorphology On-Board Every Three Days 

JUSTIFICATION - RATIONALE 

Blood cell morphology studies require measuremehts of RBC (Total), and WBC (Total) 

and the prepar,zt:on and fixation of cell  smears  fo r  differential white counts and platelet 

estimates in-flight. Such data i s  important to ascertain the health of the astrorlauts 

especially if exposed to significant amounts of radiation. For these reasons, inlmediate 

in-flight analyses would be desirable a t  frequent intervals. 



Measurement 

Clotting Time On-Board 

F r e q ~ ~ ~ r w y  

Once a We& 

JUSTIFICATION - RATIONALE 

Clotting time, though only 3 qualitative test, does provide a measure of the f~mclioriing 

of the blood clotling factors in cases  of exposure to vp&ation a n d  would per.r;i;t s grosc 

check on the r e spmse  of clotting factors to a weightless environment. It cannot be done 

on preserved blood and, therefore, must be measured in-flight. 

Measurement Recommendation - 

Fluid Bnlarice On-Board Every 3332 

JUSTIFICATION - RATION.!,LE 
pa---- 

Proper fluid balance is esserltial to the health of the astronauts, I ts  measurzrnent c2-n 

only be performed in-flight. This measurement is redundant, however, with accurate 

fluid intake, feces wet weight, accurate urine volrrme and sweat measurerient. 

Hematocrit On-Board Once a Week 

JUSTIFICATION - RATIONALE 

This measurement yields essential iriormation about the astronauts' health. It  is also 

essential to such nleasurements a s  plasma volume and red  cell mass.  It  cannot be 

determined on preserved samples of blood, For  these reasons, in-flight measurement 

is recommended, 



JUSTlFICATlOlY - R /iTIh)!SALE: ---- --- 
This measurement yields essential information ~ b o u t  astronaut;' health and i s  a corre- 

late of the oxygea cor~biriing capacity of the blood, Lf done in-flight, tlais i~gorization 

would be imme&atelg available, Post-flight analysis is feasible, 

hIeaeurement --.--- Recomr;:rnclcttion 

Ljmphocyte Karyotyping On-Board 

Freauencv 

Once a Week 

JUSTIFICATION - -ELATIONALE -- --- 
Immediate in-flight malysis is preferable; however on-board da.ta handling would not 

ordy ox:cr-t:tx the computer, but wcl.dd also entttil a large ;:eigilt p e ~ ~ a l l y  bc addition of 

an optical scanner and a photo enlargement-development capability. The latter imposes 

a toxicity hazard of urmlurown magnitude. Therefore, the on-board procedure results in 

a photograph and a slide, both of which can be examined post-flight for the actual analysis 

which produces data. 

Viable, mitotically competent lymphocytes can only be preserved by controlled freezing 
0 0 0 

(1 C/minute) to -30 C in protective adjuvants and storage at -70 C or below, Preser-  

vation eqdprnent is complex, heavy, and uses large amounts of power, The preserva- 

tion technique is not used routinely anywhere, is still in the developmental stage and is 

employed only by a few research laboratories, 

On--board cultivaticn of lymphocytes and preparation of cell smears  i s  recommended e-.ren 

though they entail. lengthy and complex procedures, This measurement is recommended 

for inclusion because of i ts  significance a s  a biological radiation dosimeter and because 

weightlessness alone o r  in combination with other factors may cause cbromosonlai 

aberrations and a~amal ies ,  



Three optiol~s do exist as  growth itelm: 

a, direct transmission of microscope fields by TV with all dzta reduction on the 
gro~md. 

b, on-board e ~ f a ~ g e r n e i ~ t  c t f  pic trtres of n~icroscope fields with T V  transmission 
of the pieltires to ground for analysis, 

c. on-board enlargement of pictures of microscopic fields, cutting of pictures, 
reconstfuction of chromosomes, optical scanning and f irs t  stage data reduction 
on-board, 

Plasma Volume On-Board Once a Weelc 

JUSTIFICATION - - RATIONALE 

Plasma volume was one of the parameters which was observed to change significantly 

as a result of space flight during some of the Gemini missions, For this reason, every 

effort should be made to measure plasma volume routinely on all IMBLFv!,IS flights, The 
125 

method of choice seems to be labeling of serum with rzclio-iodinated serum albumin (I ) a  

Measurement is not difficult o r  time consuming and could be readily performed by the 

astronauts during the course of flights, It would yield information concerning the astro- 

nauts' health and permit ground c o ~ t r o l  to recommend corrective action by the astro- 

nauts such as  ingestion of greater amounts of liquid. Injection of the isotope, which has 

a half-life of 56-days should be done prior to launch, 

Measurement Recommendation 

32 
RBC Mass - D F P  o r  C r  

5 1 

Frequency 

JUSTIFICATION - RATIONALE 

RBC Mass was one of the messurei-nents which was observed to vary drastically post- 

flight on the Gemini missions. Whether this was  dile to the enrichec! o r i g e n  tecsion of 

the spacecraft o r  to space flight itselfkf, is still w~resolved, 
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It is also of great irnpor innce to t ! ~  health or the astron:iitrh. 'rhc lechnique cif n!e<tsure- 

rneiit i s  not diffic-~glt nor i s  i t  hzzardous o r  lime con,urning, For  these reasons, on- 

board rncasurement is recommended, 
--- 

h'leasurement Recozn-melldatlol~ ----- -- 

3 2 
RBC Survival - D F P  o r  Fe 

5 9 On-Board 

Frequency - 

Once a Week 

JUSTIFICATION - RATIONALE --- 
hleasurer~~ent  of RBC survival may yield information a s  to the mechanism 01 loss of RBC 

mass  fomd in some Genlirli astronauts. The tecllmique is relatively easy, tc&es little 

time anc! is important to ascertaining the hoaltlx of the astronauts espcciafly i f  exposed 

to radiation. For  these reasons, on-board analysis i s  recommended, 

---- - -. - 
Measurement Recommendation Frequency 

Reticulocyte Colmt On-Board Once a Week 

JUSTIFICATION - RATIONALE 

The fraction of reticulocytes occurring in peripheral blood i s  a measure of helrlopoetic 

activity of the reticulo-endothelial sys  tern, Because of the evidence of loss of r ed  cell 

mass  on Gemini flights, and because of concern about the eflects of weightlessness 

and space radiation on the production of erythrocytes, this ineasuren~ent  i s  of i n~por t a i~ce  

to the understanding of the effect of space flight upon man. Some of the procedures for 

producing the necessary microscope slides (i, e , ,  the actual smearlng of blood cells 

and fixing of the smear)  xr,ust be perfoimed immediately upon withdrawal of the sample. 

Therefore, on-bacird preparation and possible ana lwis  of samples is recommended, 



WIeasurcnterit 

Routirle Urinalysis 

Recornnlend:i Lion 
P, - --- 

On-Board 

F r e r ' l u ~ n s ~  
up.& 

Once a WecE: 

JUSTIFICATIOX - BATIONALE -- 
This group of measurements can serve  2s a useful indicator of s p x e  flight ch3;ig?.;es in 

fluid balance and renal function a s  well a s  an indirect measure of other conditions, 

Certain of the measurements involved such a s  niicsoscopic examination, color and 

specific gravity must be done shortly after urine collection if at all. They carmci; be 

meaningfully performed on preserved urine, Glucose, protein, pH and aeetone badi es 

call be determined f o r  heaith znd safety purposes by bib~rlous paper s t r ips  impregnated 

with reagents, such a s  Coabist ix  (Ames), 



4 . 2 , 2 , P ,  3 Post-Flignt b1easureme:lts on Preserved Samplers 

TLYO techniques, suggested by n'_AS4, for  o n - h a r d  u s 5  have ~ C C T I  CXCIX:CIC~~ 3s saft\ty 113z3r(lL.: 

they a re  thin f:tyer chromaSc.gra~hy (TLC) ond .-ilci,t;opI1orcx51s, TLC is s i~gges tc~l  a s  3 

method only for s e r l ~ n  free thyroxine f T  ), Serum Ihyro?clne level is riot critical inforn~etidn. 
.I 

Since this meascremect i s  the only real need for T L C  and because msny solveids used in 

T1,C a r e  1-olatife, 'both the measurement and TLC were d ropped from consideration. Like 

TLC, electrophoresis i s  routinely used in  ground-!>ased Isboratories, M7e find no real  need 

for  the proposed eiect,ropi?orelic data during flight, arrd volatile solvents, shock hazard and 

heat dissipatictl characterize this technique. 

By and large, those measurenlents which h m e  considerable but not immediate physiologiea! 

interest,  and/or for reasons of procedural complexity o r  safety should not be performed on- 

b a r d  ( s ~ e  Trzble 4-2-3)  a r e  included in the t tPreserve t l  category. As  appropriate me ihod~  

a r e  develcped, a fiumber of these may be promoted to the o n - h a r d  group. 

A rationrile for  inclusion of each of the measurements in the Preserved Sample group follows. 

Measurement -- Recommendation Frequency --- 
ACTH - Blood Preserve  Once a Week 

JUSTIFICATION - RATIONALE -- 
This measurement would give us  a direct measure of the functional integrity of the pituitary. 

No information at present exists on the effect of space flight on this gland. For  thie reason 

and because of i t s  importance to the functioning of other endocrines, an effort should be made 

to collect samples for  this measurement. Procedures for analysis a r e  difficult and time 

consuming, and the general health of the astronauts can be monitored by simpler means. For  

these reasons, post-flight analysis of in-flight samples is recommended. 



i\le:tsurernent 

ADII - Urine Preserve 

Frequency 

Once a li'cek 

JI1JSTIFICATION - RAT SJNALE 

In view of tlie dehydration which was observed to occur in some Gemini as-r-nauts,  ADS 

levels in the body may be significantly altered by space flight. Excl-e'xry ls-rels of ADIf 

should be indicative of any changes which do occur. Current techniques i"cr xeasur ing  ADB 

employ a bioassajr rnethod involving the use  of several" hydrated ra t s  fo r  each  measurement. 

Provision has not been made, however, for  the maintenance of on-board a e r n a l  laboratory 

colonies, and therefore, ADH measurements should be made on p r e s e r w d  =rrine post-flight. 

Measurement 

Blood Lipids 

Recommends tion 

Preserve 

Freque~lcy 
--" 

Once a Week 

JUSTIFICATION - RATIONALE 

Space flight may have an effect on lipid mobilization and metabolism. T ~ Z T E  a r e  no other 

direct measures of this function on the NASA measurements list except for  3lood cholesterol. 

In-flight procedures for analysis would be difficult and hazardous , however, s o  post-flight 

analysis of preserved samples i s  the choice. 

Measurement 

Aldosterone - Urine 

Recommendation 

Preserve 

Frequency 

Once a Week 

JUSTIFICATION - MTIONALE 

Little is known about the effect of space flight on electrolyte balance. In ~ 3 ~ 3 7  of the changes 

in fluid balance observed on some Gemini flights, and anticipated a s  the r e su l t  of bed r e s t  

studies, electrolyte balance may also be affected including renal tubular reabsorption of solium. 

While blood and urine sodium and potassium levels may reflect such changes, measurement 

of urinary aldosterone a7;ll be a direct indication of whether the change i s  horomal. Adosteiane 

measurement involves extremely complex, difficult and t ime consuming techriiques and should 

be measured post-flight on preserved samples. 



t-?k 

>I RIen suren?ent - 
-A Antibody Tit ration Preserve 

"1 JUSTIFICATION - ,IATIl~Kl'RL,E: -- 
B 
id Techniques for antibody titration rcqufre great skill even under one-g conclitions. For  on- 

7 h a r d  analysis, the technique entails carrying a number of reagents dependent on the number 

d of antigens tested. O n - h a r d  results would not dictate aily immediate p~-ophylectic measures  

*I and, because antibodies can be successfully preserved svith little or  no change in t i t e rs  o~li'i' 

4 long periods of time, titrations should be performed post-flight on preserved samples. 

- - 
- 

Measurement - Recomn~enclation - Frequency --- 
Body hIicroflora Preserve  

(Cultures) 
Once a Week 

JUSTIFICATION - RATIONALE - 
For the conduct of microbiology experiments, sampling and culturing must be done on-board. 

Other procech~res can well be left to the post-flight period including subculturing and identi- 

fication. Changes in the microecology of each astronaut may occur a s  the result  of their 

isolation during space flight. Whether these changes will parallel those observed in ground- 

based chamber studies and jeopardize the astronautsf health, a r e  legitimate research 

questions. In order  to interpret such findings in astronauts, a history of their micro- 

ecologies by body and environmental sampling is essential. 

Measuren-tent Recomm enclation Frequency 

Ca and PO - Serum 
4 

Preserve  

JUSTIFICATION - RATIONALE 

Once a Week 

There is concern among many physiologists that prolong space flight may produce the kind of 

dense bone changes encountered among patients immobilized in bed rest .  These two measure- 

ments relate to increased blood levels and supplment Ca  and PO balance studies. S o ~ c  
4 

evidence exists in the form of quantitative pre- and post-flight bone radiography of the Gemirj 

astranuts which suggest that demineralization does indeed occur ancl every efjort shottld he 

made to confirm this hypothesis using net  chemistry techniques on prolonged fliglllr. Tcicrl- 

niques a r e  difficdlt, lengthy and haznrcfous but sirice nc immediate threat to a~tronari ts '  h ~ ~ t i t ! i  

d 
i s  involved, these measu re r~en t s  shorrld be performed post-flight on preserved samples. 
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Preserve 

Frecpcncy -- 
Once 3 Li7eel; 

JUSTIFICATZO N - RAT 13NtILE - -- 
Thyrocaleitonirl is believed to act a s  a re~wla tory  ~ g e n t  upon calciurn levels in the blood and 

varies directly with the blood cztlcrum level. The ineasurenleni; is related to disuse chrznges 

in bone during wuigl~tlessness, It requires,  however, bioassay techciques -.vhich cannot be 

performed o n - h a r d  currently piamied I&IBLitZS flights. For. these reasons, i t  i s  r e  commended 

that calcitorrin be measured post-flight on preserved samples. 

Measurement --- 
Catechols - Urine Preserve Once a S.Freei; 

JUSTIFICATION - RATIONALE - 
This measurement i s  related to the general level of space flight s t ress .  Since blood levels 

represent generally transitory phenomena, the level in pooled urine (24 hours) provides a 

better measure of the general s t r e s s  level for  the period. The technique involved i s  ex t r en~e ly  

complex, difficult and lengthly. The measure is not neeesszry to determine the operatiolraf. 

health of the astronaut, and therefore post-flight measurement of preserved in-flight samples 

is recommended. 
- 

Measurement 

Cholesterol - Serum 

Recommendation - 
Preserve 

Frequency 

Once a Week 

JUSTIFICATION - RATIONALE 

Measurement of serum cholesterol on in-flight samples and comparison to pre- and post- 

flight values may yield information on the effect of space flight on lipid metabolism and the 

complex interrelations of fat mobilization and utilization in exercise and s tress .  Techniques, 

however, a r e  difficult acd involve the use  of toxic and haz srdous reagents. 



3Teasurernent --- 
Co~llplenient Titration 

Recommexld,ation 

Preserve 

Freqrlcx- -- 
Once 3 CSveck 

JUSTT;"?C.4T'LON: - EL!' T'lONA LIZ ------ 
This rnexsurcnlenl is difficult to do in absence of graaity because of liqrriil 1ta11dlir;g pro'u',erns. 

This test i s  of lesser  significance in healthy adults, but preserved samples for post-flight 

analysis may t;id in understanding rnicrofloral changes, 

Measurement Recommendation 

Creatine and Creatinine - Preserve 
Urine 

- 

Frequencl 

Once a Week 

JUSTIFICATION - P&TIGNA?,E --- 
The creatinine and creztine contents of the urine a r e  remarkably constant from day to day in 

healthy adults. Chmges in levels usually occur only in some disease states. Both compounds, 

Piowever, a r e  believed to originate in large part  from muscle. Phosphocreatine is regarded 

a s  the chief chemical warehouse for energy-rich phosphate bonds used in the energy meta- 

bolism of niuscle conlractio~i. Changes in excretory levels also occur in cases of increased 

rnuscular activity o r  muscular atrophy. Thus, these measurements should have priority for 

performance. Because of the difficulty of conventional measurement techniques and the 

hazards involved, post-flight analysis of preserved sanlples is recommended. Research now 

in progress may result in  a technique adaptable for on-board use. 

Measurement 

Electrolytes - Serum 

Recommendation 

Preserve 

Frequency 

Once a Week 

JUSTIFICATION - RATIONALE 

Procedures for mea~urement  of electrolytes a r e  lengthy, difficult and hazarcious to do in- 

flight. They a re ,  however, essential to an understanding of mineral and electrolyte balance. 

Since they a r e  preservable without loss, post-flight analysis of preserved samples is 

recommended. 



Measurement Recomrnc:~t?ntio?~ -- 
Ewil-orr~l~el~taI Cullurin:; Preserve 

(Gtl t ~ r u z s j  
Once a Week 

JIJSr~TFICflTTON - RATIOEALE - 

See "130dy hIicroflorafl. 
-- 

Measurement Recommendation Freauencv 

Fibrinolytic Activity Preserve Once a Week 

JUSTIFICATION - RATIONALE 

If space flight has an effect on clotting factors, it may also affect the amount, of fibrinolysir, 

in thc blood. Fihrinolysin does not normally vary significantly in the healthy a h l t ,  however, 

Post-flight analysis of preserved sanlples is  reconlmended bemuse procedures are difficult 

to perform in the absence of gravity. 

Measurement 

5-HIAA- Urine 

Recomme~zdation 

Preserve Once a Week 

JUSTIFICATION - RATIONALE 

5-hydroxyindoleacetic: acid is the principle degradation product of serotonin (5-hydrosytry- 

ptarnine) which exerts important effects in the cascular system and in CNS activity. It may 

also have effects on mood; excesses a re  believed to cause hyper-excitability and hyper- 

activity while reduced levels in the brain are  believed to be associated with depression. 

Because of its importance to hemeostasis and astronaut mood and performance, it is recom- 

mended that 24-hour pooled urine samples be analyzed for this constituent. The technique 

for analysis, however, is complex; it also requires some reagents which a r e  toxic. Samples, 

therefore, should be preserved for post-flight analysis. 



JUS'I'IFICA?'IO~< - IIATIONALE -- - - 
Increased urinary escrction of hyd~.o,xyprolines reflects a l t e r a l i o ~ ~ s  in the organic matrix of 

f-3 h n o .  In view of the concern that space flight may produce such changes, this rnexsurernent u 
will help tes t  this hypothesis, Analysis i s  difficult, and since immediate answers a r e  not 

fl necessary, preservation for  post-flight measurement is recommended. 

Measurement Recommendation 

Irninunoglohulins and Fibrinogen Preserve 

Frequency 

Once a Week 

9 JUSTlFIChTION RATIONALE b -- 
E l e c t r ~ p h o ~ e s i s  for fibrizlogen and immunoelectrophoresis for immunoglobulins a r e  diffi- 

Lj cult and lengthy proceclres .  In addition, if paper o r  cellulose acetate is used, a flammability 

hazard would exist. The levels may be affected by space flight especially if appreciable 

radiation is encountered. Both measurements sizould not, however, be so changed a s  to 

affect the astronautst health and safety. For this reason, post-flight analysis of in-flight 

samples would seem to be the best alternative. 
- 

M e a s u r e m e ~ t  - Recommendation Frequency 

Mineral i'vIetabolism by Isotopic Preserve See urine and feces 
Techniques N, Ca,  P, Na, I<, 

C1 and nfg 

JUSTIFICATION - RATIONALE 

This measuremc?lt should be done post-flight on preserved samples. Input-output studies of 

minerals can be accomplished aithout resorting to isotopes, and they a r e  provided f o ~ .  by 

other measurements. Isotopic methods would permit analysi; of turn-over r a t s  rn tiic: 

body's mineral pools. Turn-over ra tes  and meChaniSMls may well change in response to 

space flight, but such studies a r e  of secondary priority. Such measurements could be the 

topic of a special study. Since samples for  assays of minerals a r e  being taken a s  a matter u f  

course,  counts can be ma-de on those samples, If more L h ~ n  one radioisotope is used, the 

difference in energy levels of the emjssions of " i h c  commonly-used isotoges Is sr;llfficierxt Lo 

permit counts of each to be madc, Stable i s o t ~ p e s  would require assay by mass specironicti;.). 



h1easuremcl:t ------ -* 
Recom1vend3tir>n --- --..A--.."-~ 'f;'reqr;rn_cv 

Mucoprotcins - Vuine Pre7er .v~ Once a Week 

JUSTIFICATION - I<Ar~';"3I\IALE --------- 
The mucoproteins (and related biocolloids) a r e  of pmticu1a.r interest in assessment of b o w  

changes. Because of the presemptive evide-nee that weightlessness CSI affect tine iiltegrilg of 

the bone matrix, a measuremerlt of nzucoprotein excretion corny~lements assays of Ca, LW 
4 '  

hydroxyprolines and c i r cu l a~ i rg  parathyroid hormone and permits  a more inielligerlt inter- 

pretation of the data. 

-- 
P .---- 

Measurement -- R.e c o n m  endat ion F requency -.---- 
N, Ca, P ,  Na, K, CI & Mg - Preserve Onco a 'Ct'eek 
Urire and Feces 

JUSTIFIC AT10 N - RATIONALE 

This measurement i s  essential to mineral balance stcldies. Procedures for a-mlysis a r e  

lengthy, difficult and hazardous to do in-flight, however. In addition, preservation dues not 

a l te r  values. Post-flight analysis of preserved samples i s  therefore reconmcr:deci. 

Measurerncr~t Recommendation #-.&.z--2 Freciu"n~'~ 

Parath-vroid Hormone - Serum Preserve Once a Weclr 
(Radioimmune Technique) 

JUSTIFICATION - MTIONALE 

An analysis of the serum levels of parathyroid hormone may held throw light upon the 

mechanism of bone changes &ring space flight. Parathyroid levels a r e  believed to vary 

inversely with blood calcium levels and directly with blood phosphates. Techniques a r e ,  

however, complicated and difficult. Fo r  these reasons, post-flight analysis of preserved 

samples is recommended. 



Preserve 

JUSTIFICATTION - - RATIONAI,E -- 
This measurement is  still believed by many clinicians, physicians and scientists who 

specialize in clinical cIPemisLrgr to be the best :dl-round test of thyroid function available. 

Study of thyroid activity may be helpful in understsnding how space-iligl~t affects energy 

met2bolism and endocrine function. P roce&~res  are,  however, complicated, difficult, 

time consuming and hazardous. Therefore, it i s  recommended that measurenlents be 

made post-flight upon presen-ed samples. 

Measurement -- 
Protein Elzctrophoresis-Hasma Preserve Once 3 Week 

SJSTIFICATION - RATIONALE 

ProcedPlres for electrophoresis are  difficult, leng~kc' a:~d extremely haza-rdo~~s (material 

used is usually paper o r  cellulose acetate, both of which are  flan~mable). On the other 

hand, knowledge of the effect of space flight on plasma proteins could be gained by 

regular analysis of electrophoretic patterns if astronauts are excosed to significant amounts 

of ionizing radiation. Post-flight analysis of preserved samples is recommended. 

Measurement Recommendation Frequency -- 
Prothrombin Consumption Preserve Once a Week 

JUSTIFICATION - RATIONALE 

This measurement is the only specific and quantitative test for clotting factors which 

NASA has retained on its list of measurements. Although rarely of. si,gnificance in the 

healthy adult, it requires only a small serum sample. To do this test, however, many 

specifically preser-,-ed biological reagents a re  necessary. It is also difficult and time 

consuming. For these reasons, post-flight analysis of preserved s a ~ p l e s  is recommended. 



Measurement Recomrnenc33 lion 

Pyrophosphates - Urine Pi'eser ge 

Freclrlency - 

Once a 1Vct:k 

JUSTIFICATION - RATIONALE 

Because the energy metnbolism of spacecraft crews is of irnpcrtance, the excretion of 

pyrophosphates should 5e monitored. Although of little interest in normal clinical 

situations, this measurement v,rill aid in defining the conditions under which healthy adult 

males spill pyrophosphate . 
- -- 

Measurement - Recommendation Frequency 

Return of Total Dry Stool Preserve Every Day 

JUSTIFICATIOX - RATIONALE - 
The return of fecal samples is very important to all nutritional and electrolyte balance 

studies. Lyophilization for preservation is recommended even though it entails weight 

and volume pemlties, Alternatives a re  chemical preservation, o r  freezing of the wet 

stool. Penalties might be less severe using either of these methods. ( T o w  return may 

not be necessary. A 15-20 gram sample of each defecation would suffice for analyses 

desired if thorough rnaxing is  achieved. ) 

- - 
Measurement Recommendation - Frequency 

Serum Free Thyroxine (T ) 
4 

Preserve Once a IVeelr 

JUSTIFICATION - RATIONALE 

This test is a direct measure of tetraiodothyronine (thyroxine) activity in the blood. 

It reflects thyroid function since thyroxine is one of the ~ a i n  hormones produced by the 

gland. One measure of thyroid competence is the PBI test and this can be considered a 

back-up measurement. Procedures for measuring thyroxine in the serum are  difficult, 

lengthy and potentially hazardous. For these reasons, this measrement  should be per- 

formed post-flight on preserved samples. 



hIeasurcmcnt - - Recommcnci:rtion 

17-l-lydrosycortieosteroitls - Urine Prcscrve Once 3 Vr7er!; 

JUSTIF1CATIC)N - IIATIONALE -- 
This tcst i s  necessary to measures of met:tbolic activity, adrellal cortical functior, and 

reactions to stress. Ch'mges in any o r  all of these areas may occur &tling space fligl~t. 

Because the measurement is difficult, time consuming anti involves the use of very toxic 

reagents, post-flight analysis of preserved sanples is recommended. 

Measusenlent Frequency 

17-Ketosteroids Preserve Once a Week 

JUSTIFIC.ATION - RATIONALE -- 
This me:rsurement is an indicator of adrenal and testicular androgenic activity in the 

healthy adult male. Little is currently lcnoxvn about the effect of space flight on androgenic 

activity, and this is a candidate for inclusion in any measurement list. Because the health 

of the a,stronauts i s  not likely to be involved and because measurement techniques are  

difficult, time consuming and involve the use of toxic and hazardous reagents, analysis of 

preserved samples is recommended. 

Measurement Recommendation Frequency 

SGPT Preserve Once a Week 

JUSTIFICATION - RATIONALE 

SGPT (serum glutomic pyruvate transaminase) changes a re  thought to be due to changes 

in liver function. In combination with SGPT levels, many differential diagnoses are  possible. 

Its value in the heylthy male adult may not change but space flight may have some specific 

effect on liver function. For tlris reason, the measurement should be included. Post- 

flight analysis of preserved samples is recommended. Current laboratory developments 

may permit addition of this measurement to the on-board group at a later date. 



?~leasmre-ment 
..,---I__-- 

Fhlfate - Urine 

Frecmer~sy 

Once a Week 

JUSTIFICATION - -- 3ATIOWALE 

This measurement &ding ~,vibLI? ~ l l f ~ r  metab01 i s m ,  complev-tlents that obtained from anirno 

acid analysis. In-flight analysis need not be performed, Howevcsr, post-flight analysis 

of preserved samples i s  recommended. 

Sweat Rleasurement and 
Sample Return 

Recommendation - 
Preserve 

JUSTIFICATION - RATIONAS,E ------ "r 

Measurement of sweat and its constituent electroljdes is necessary for fluid and lnineral 

balance studies. Volume output could not be measured in-flight. The electrolytes from 

sweat tests and/or clothes and body rinses have to be relurned for ground amlysis be- 

cause te chnigues are  lengthy, difficult and, o r  hazardous. Rather than save all clothing 

discarded in flight, if a washing machine, whose design has been considered were on- 

board, it could elute electrolytes with distilled water f~vhicil svolald bc passed through ion 

exchange resins or lyophilized) and xash the clothing which then could be returned 
- 

6 * 
to service. 

6.. 

Measurement Recommenhtion 

Total Amino Acids - Urine Preserve Once a Week 

JUSTIFICATION - RATIONALE 

Abnormal met&alism of proteins as well as certain pa tho logic^ con&tions are reflected 

in the levels of amino acids excreted in the urine. Since metabolism and rmtrition is an  P 

area  of importance in the study of the effects of space flight upon healthy adult males, mi 
i, 

effort should be made to make this meamsement, The techaique inVolvrs diffim~lt and r 
1" 
X, wssibly &,ar&us methods and reagents. For Gbcse reasons, presemation of in-flight 

plea for psk-flight amiyois la  reeomme~ded,  



Fr~qric i iuy l__ -_. --.- 

Once :: JX,J:;t.eI.; 

JUSTII'ICATIOK - RATIOSALE 

In view of the dcllydration which oec~~redon  the Cemirri missions, it i s  irnporta-nt to emmine 

the Apollo astronauts for changes in this parameter. Health and safety are probably not 

factors here, however. On-board fluid balance studies (input-ouirput) will tell ground cotltrol 

whether the men should be drinking more water or  not. hleasurement of total body water 

will help to verify in a precise and accurate way the results of the f l ~ i d  balance measurements. 

Since the proceck~re is difficult to do in the absence of gravity, preservation of samples for 

post-flight analysis is recommended. 

---- -- --- --- - - -.--- 
3ieasurement ---- Reco?tlmendation - Freqitcrlcy -- 
Transferins Preserve Once a Week 

JUSTIFICATION - RATIOXALE - 
Electrophoretic techniques for quantitation of serum transferins levels are coniplica"td, 

time consunzing and hazardous (flammable materials such as  paper). Changes of physio- 

logical r2ther than clinical interest which could occur as a result of weightlessness end/or 

radiation should be noted on preserved samples. 

Measurement Recommendation Frequency 

Uric Acid - Blood Preserve Once a Week 

JUSTIFICATION - RATIONALE 

Uric acid is the principal end product of purine catabolism. Its serum level is sometirnes 

increased by high purine diet, gout, kidney disease and leukemia. It may be of research 

interest to examine serum levels in samples obtained during space flight since the results 

will have some bearwrg on the metabolism and nutrition experiment~, Since in-flight 

determination would be difficult and possibly hazardous, measurements should be made post- 

flight on in-flight samples. 



VMA - Urine 

Ileeontrnend:: tion - 
Preserve 

Frecpler?t:y 
7 

Once a ii-eck 

JUSTIFICATION - RATIOXALE 

Vanilmandelic acid i s  the principal end-proclct of the metabo!ism of the pressor  anl i~res ,  

epinephrine and norepinephrine, Since the s t r e s s  of space flight is little understood in t e rms  

of physiological changes, san~pl inc  for this conipund, a s  welt a s  the catecholamines, 

should be undertalcen. Since such analysis i s  not necessary to assure  the health of the 

astronauts and since i t  is difficult and time consuming, post-flight analysis of preserved 

amples is recommended. 



4 . 2 , 2 . 1 . 4  Illeasurements Omitted 

Some twenty--odcl u ea : :ureme~ts  a r e  recommended fni exclusion from IiilBLhlS. 3Ieas::re- 

rnents reluctantly eonsigxlcct to this group a r e  blood pH, bicarbonate, pO and pCO The 
2 2' 

likelihood of promoting them to on--board staius (these measurernems cannot be made on 

preserved samples) i s  dependent upon how much R & D  will be supported in the a rea  of micro, 

multipurpose electrodes concurre~lt  with studies on c o r r e l ~ ~ t i o n  f ~ c t o r s  among asszys rnade 

on capillary, venous and ar te r ia l  blood. 

The other measurements, listed below not only ranked low in several tradeoff categories, 

but a lso lacked the c r i te r ia  of rejatively high physiologicc?l si,@ficance. 

Measurement 

ADH - Serum 

Recommendation 

Omit 

Frequency 

--- 

JUSTIFICATION - RATIONALE 

It is not necessary to measure serum ADH levels in adclition to excretory levels in urine, 

since serum levels usually reflect transitory phenomena. If the kidney does not respond 

normally to  ADH in space flight, fluid balance plus excretory levels of ADH will indicate 

this. In addition, should abnormalities be observed in these parameters,  provision can be 

made for  measuring blood levels of ADH ir, protocols for later flights. 

Recommendation 

Bicarbonate - Blca i  Omit --- 

JUSTIFICATION - RATIONALE 

Bicarbonate levels a r e  difEcult to  perform even in a well equipped laboratory. Considerable 

skill and finesse a r e  required because the sample must be taken and handled anaerobically. 

Furthermore, the accuracy obtained is dependent upon whether o r  not back titration is 

carr ied to the specific pH cf thc fresh stirnple. (See discussion under pH) 



Measurement 

Capillary Blood 
02, C02 and pH 

R ecommencirriion - 

Omit 

JUSTIFICATION - RATIONALE 

These measurements must be done on-board immeditttely after sampling. Accurate and 

precise resul ts  a r e  difficult to obtain on the ground. Problem a r e a s  for venous o r  a r te r ia l  

blood a r e  withdrawal and handing of the blood, temperature control in  al l  th ree  determina- 

tions and electrode-sample junction potentials in pH determinations. The relationships 

between measurements on capillary blood and those of arberjal md/or  venous blood remain 

to be systematically established. 

Measurement Recommendation 

Clot Retraction Omit --- 

JUSTIFICATION - RATIONALE 

Clot retraction observation must be made on fresh blood. U~ua l ly ,~s topy?e red  tubes, 

partially filled with whole blood a r e  allowed to stand in a water bath at  37 '~ .  Periodic 

inspections a r e  made and the t imes  that retraction begins and ends a r e  noted, a s  well as 

the quality of the clot and amount of serum extruded. The problems inherant in dzaling with 

liquids under weightlessness would make considerable modification of the method necessary. 

Although development of flight-qualified methodology and hardware could be accomplished 

in l e s s  than two years ,  Ihe information obtained from this measurement on healthy adult 

males  is probably not wortfi the cost. 

Measurement 

b su l in  Assay 

Recommendation 

Omit 



JI!nIFICATTON - RAT'TOFJA - LE 

See "Glucagon Ass,?yH 

Glucagon Assay Omit 

JUSTIFICATION - RATIONALE 

The physiological significance of glucagon is not yet fully understood. In addition, there 

is no standard a c c q t e d  technique for its measurement, and large blocd sampfes a r e  re- 

quired. It i s  believed to  be an insulin antagonist. The levels 01 blood g!ucose slloufd give 

us sufficient infomation concerning carbohydrate metabolism on early flixhis Tf anomalous 

results arc obtained, provision can be made on later flights to sample f o r  bciir icsulln and 

glucagon. For the present IMBLMS mission, however, both measurements should be 

omitted. 

Measurement - Recommendation Frequency 

Growth Hormone Omit --- 

JUSTIFICATION - RATIONALE 

Growth hormone is not secreted in detectable amounts in the healthy male adult. Should 

other measurements imply the existence increased o r  decreased secretory activity in the 

astronauts a.s a consequeilce of space flight, later missions might include sampling for 

this parameter a s  a special study. For the time being, however, it should be omitted. 

Measurement - Recommendation 

Hemoglobin (electrophoresis) Omit 

Frequency 

--.. 



JUSTIIFICATTOR - RATIOnTATAE 

Electrophoretic analy: i s  of blood hernoglol~ins does not seern warranted since unusual 

hemoglobins a r e  genetically determined. Thus, patterns should not vary appreciatively 

from those obtained pre-flight. 

Measurement 
- - 

Recommendation 
- - 

Frequency - 

Histamine - Blood Omit --- 

JUSTIFICATION - RATIONALE --- 

This test is probably 01 little significance in healthy, adult males. Neither a poll of 

medical sehoal faculty members, nor a literature survey have resulted in a logical basis 

for  performance of this test. 

-- 

Measurement 

Histamine - Urine 

Recommendation 

Omit 

JUSTIFICATION - RATIONALE 

Test of limited significance. (See Histamine - Blood) 

Frequency 

--- 

Measurement Recommendation Frequencv 

RBC Enzyme Studies Omit -- - 

JUSTIFICATION - RATIONALE 

There is some concern among physiologists that increased oxygen tension may later the 

enzyme systems of erythrocytes. Such an interest could be better served by hypobaric, 

increased O tension chamber studies especially since measurement in-flight, o r  pre- 
2 

servation of erytbrocj.tes for po&-flight analysis a r e  extremely rlifficult. 



RBC Fragility (C sinotic) Omit 

JUSTIFICATION - RATIONALE 

This nleasurernent i s  physiologically of second priority. It is difficult, time-consuming, 

requires  a number of salt  solutions of varying tonicity and must be done on-board. For  these 

reasons,  it s'no:rld he omitted. 

Meas~~re rnen t  Recommendation Frequency - 

Metanephrines Omit --- 
JUSTIFICATION - - RATIONALE 

Since i t  is planxed to  m e a m r e  urinary excretion of catecholamines and of 3-methoxy-4- 

hydroxymandelic acid (vanilmandelic acid), it i s  redundant to  include the metanephrines in  

the list of measurements. VMA is the common degradation product of adrenaline, nor- 

adrenaline, metaanephrine and normetanephrine. Other metabolic pathways a r e  possible, 

of course, but measurement of the metanephrines would seem to  be of lesser  ph:miological 

significance. 

Measurement Recommendation Frequency 

Methemogiobin Omit --- 
JUSTIFICATION - RATIONALE 

Methemoglobin occurs in blood only in  certain cases  of acute o r  chronic poisoning by such 

substances a s  phenylhydrazine, pyrogallol, nitrobenzene and other nitro and amide 

compounds. Minor degrees of methemoglobinemia may be encountered after treatment 

with sulfonamide drugs, nitrates, methylene blue, sulfonal, potassium chlorate, etc. 

Therefore, there  seems to  be no logical reason for including it in  the ITVIBLMS measure- 

ment list. 



Parathyroid/Hol,nlor1e - 
Urine (Nelson Technique) Omit 

JUSTIFICATIOK - MTIOh'AI,E -- 
It i s  unnecessarily redundant to measure parathyroid hormone in both serum and urine. 

Only small quantities a r e  excreted and serum levels change only slowly. In ~iddition, 

large quantities (50-100 ml) of urine would he required for assay. The technique itself is 

of the bioassay type requiring the maintenance of an animal colony. This is ogC of the 

question for currently sche&iled I31BUdS flights. Power, we ighand  volume penalties 

would be prohibitive to  store urine for post-flight an~ lys i s .  

Measurement Recommendation Frequency 

Platelet Adhesiveness Omit --- 

JUSTIFICATION - RATIONALE - 
This test i s  difficult t o  perform, requires large samples of blood, i s  only pa.litative, and 

i s  redundant with making platelet smears. Variation is not expected to  occur in kealt'r~y 

adults except perhaps in response to radiation exposure. While such exposure viould also 

reduce the number of platelets, smears a r e  to  be made to count platelets ro~~tcrtinely. The 

above reasons should be sufficient for omission of this measurement. 

Measurement 

Serotonin (5-HIAA) - 
Blood 

Recommendation 

Omit --- 

JUSTIFICATION - R ATiONA ZE 

Analysis of excreted levels of 5-hydroxyindole acetic acid should supply suff'icient informa- 

tion. Blood levels may represent traasitory phenomena and require large blood samples. 

Such measurements would be needlessly redcndznt, 



17- t Iyd roxyco~ icc .~e ro ids  - 
Blood Omit 

JUSTIFICATION - RATIONALE 

Adrenal eortieaj activity e m  be adequately studies by measuring excretory levels of steroids 

in the urine. Blood levels represent transitory phenclneria only; such a tes t  would require 

a prohibitively large blood sample and the clata obtained would be of questionable value un- 

l e s s  the sample were  taken during, o r  immediately after,  periods of s t ress .  

TBPA Omit --- 

JUSTIFICATION - RATIONALE 

It is still the opinion of many physicians in clinical practice, physiologists and clinical 

chemists that the measurement of PBI gives sufficient information abour thyroid fwctiun. 

F o r  this  reason, it i s  recommended that TBPA be omitted. 

Measurement Recommen&tlon Frecpenc y 

Thyroid Bound Globulin (T ) Omit --- 
3 

JUSTIFICATION - RATIONALE 

Substitute PBI. Sez discussions on TBPA and PBI. 

Measurement 

TSH 

Hecommendatir>n -. 

Omit 



JUSTIFICATION - RATIONALE - -  ---- 
Thyroid stimulnti rrg 't?o -mane i s ,  like ACTII, proinlced hv the pituitary. &leasurezr,er~t of 

PBI and thyroxi.jtlc1 levels in  the s e rua  should yield slrfiicienl; i r f o r ~ ~ i i o n  conccrnirg tbyrold 

function. If slgriiflcant decreases  a r e  observed in  these latter u c a s ~ r e m e n t s ,  and thyreid 

malfunction i s  sn~;pected, provision can be made on later EslBmIS missior-rs for  sampling 

blood fo r  TSI-I asi::ly. On initial flights, such assays appear unnecessary. 

Measurement -- 
WBC Mobilizatio!~ 
(Rebuck Techniqurt) 

Recommendation 

JUSTIFICATION - RATIONALE ---- 
b 

The major justific:~tion fo r  studies of WBC Mobilization relates  to alterations in the micro- 
- 2 ecology snd the potential f o r  infection. The technique itse!f i s  draurnfttie. The skin is 

irri tated chemically until it exudes fluid and leukocytes which a r e  sampled. The open 

wound produced by these chemical means may take several days to  heal with the possibility 

of infection. 

i - 
i 

The requirement for a tes t  of this  type has not been firmly established by micro'uiologfeal 

studies of the ecology and, therefore, should be omitted. 

4 .2 .3  II'dPLTCATIONS O F  MEASUREMEPIT FREQUENCY 

Ideally, for  each crew member,  blood, urine, and sweat samples would be taken several D 
t imes each day anti a stool sample at  each defecation regardless of which analyses a r e  per- 

formed on-board and which post-flight. Because of mission constraints, the question 
? ; 1 
L d  

a r i s e s  a s  to  what const;tutes a minimum acceptable nurr155r of samples and on what deily 

schedule these sn~zxples s~aould be talcen. 

Regarelless of the  i lmber of samples taken, each sample should be ob.i.&iiaed at the same 

t ime of each 24-l?i.ur period. 

4-58 



~ l c o d  Chemistry sr~lues are Ilighly m.riab?e with the time ~f lo~~r:'esd valties, ofken i n  

a range, heretofore eonsidered pntholcgie, u s u ~ i l y  occur in the  eveni~!g, nlthough hlood 

creatinines have been found to be "nis,hes% in the early morning hours, For example, 

phospllate aLTerages of 5-6 xrig percent at E:OO A. hl. and 3 rng at 11:00 A.  3'i. have b a e ~  

reported. 

Since each astronaut will serve a s  his own control, and the control srali~es will be determined 

chiring pre-flight ground baseline studies, the crew work-rest cycles should parallel the 

24-hour earth day for the close time correlation required. The baseline studies should be 

ITID under three conditions: (I) Simulated £light, including cor&nement for a time period 

equal to the mission length, at ground atmospheric pressure md temperature; (2) the 

same conditions but ~ s i t h  flight atmospheric conditions; and (3) during normal ground 

operation working conditions. Furt!~emore, ex%sa samples sfnould be talcen at clifferent 

time periods during the working day over a period of many months in order to establish 

points of reference should the daily on-board schedule be significantly changed from that 

used &ring baseline studies. 

The greater the number of samples obtained during the mission, the more meaningful the 

resultantdata will be. There i s  no magic minimum acceptable number which will guarantee 

data of a certain confidence level. While one in-flight sample each of blood, urine, feces 

and sweat is better than no sample at all, the &ta yield would certainly not be appreciable. 

Of major interest, ph~7siologically, i s  the adaptation of man to a new environmental para- 

meter,  weightlessness. With more data points available, life scientists will be able to 

furnish better criteria for weightlessness countermeasures, a regimen of personal hygiene 

and better design el i ter ia  for crew equipment. 

Since the interest is focused on experiments, it must be recognized that the validity of 

results obtained a r e  dependent, in part, upon the frequency with which the measurements 

called out by the protocols a r e  performed. Furthermore, these experiments deal with 

small numbers of subjects and there is no assurance that any given everimend r.r- set ooE 

measurements v511 be repeated under the szEe eondtioats. 



Therefore, the nrunber of times a gis7el1 measurement is made during tZrc cour;e of an 

experiments rnission rslust be sufficient to r n k e  the data meaningful, 

Physiological adaptation, to environmental changes (in this case, to weightlessness) i s  

usually a slow process. By frequent, periodic measurements, the rates of the various 

changes associated with adaptation of the whole organism can be ascertained, Iiematological 

variations associated with even mild i13ections can be spotted by doing white cads twice 

a week. Bacterial and viral infections a s  well a s  trends in microfloral shifts have been 

found by experience to require weekly sampling in order for these phenomena to be well 

observed. Changes in RBC mass  were noted in 1-2 weeks. Bone demineralization has 

been observed to occur in the szme length of time. A survey of experimentalists and 

clinicians shows that once a week i s  a reasonable f r eq~~ency  for most of tha laboratory 

analyses. 

If this interval between measurements is assumed, let us examine the total szmple volumes 

required from the experiment subjects. Urine is no problem for the tests  to  be done on- 

board o r  post-flight, with some 1200-1500 cc available per man per day. Feces, too, can 

be collected at each defecation in an amount large enough for all determinations. The 

sweat test is not much of a problem either. 

But, the volume of blood that can safely be taken from a man over a 60-day period is certainly 

a limiting factor. After determining which measurements should be performed (see Para-  

graph 4.2.2), we find that the total volume of blood that must be drawn to perform each 

measurement in duplicate once per week, except those comprising the CBC, which a r e  

done fxice weekly, is 250 cc per man. If samples for  the post-flight thyrocalcitonin assay 

a r e  taken only once every two weeks, the weekly volume decreases to 200 cc and if thyrocal- 

citonin, which we regerd a s  an important measurement,. is dropped, the weekly blood 

sample volume is 150 cc. In Table 4.2-5  the volumes of blood required each day for 

measurements using whole blood, serum and plasma a r e  shown, For a 60-day period, 

1200-1600 ec of blood would be taken, A factor to be considered, then, i s  the amount of 

blood that caxl be safely wilhdra1,vn ivithout undue effect on plasma volusne and RBC mass 

and, of course, the ileaith and safety of the astronauts. 
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Wherever ~ s s i b l e ,  micro o r  tl!tr:t-micro methods have been asst*med ir: sizin-. 5 thc blood 

volumes needeck Even srnall qua~ltities like 0. 05 ce of se-mrn/tes% or  0. I ce for  the  test 

in ctuplicati? which n e a r ~ s  about 0 .2  cc of whole blood, plus some a1lov:aoce for that blood 

which sticks to the syringe and serum which clings to the tube, begin to add up illhen a 

large number of tests a r e  to be performed. 

Some economies in quantities of blood n e d e d  can be effected by R & D  on techniques aimed 

at  increasing sensitivity sufficiently to allow volume reductions. The volume required per 

test, in each case, is the maximum amount for the best analysis for a given constitutent. 

In many cases, the literature states 0.1-0.3 cc, for example, a r e  needed; t3e 0.3 cc  

figure has been used, Thus Table 4.2-5 reflects a ~vors t  case. It is extremely difficult, 

even with cliniciz~ls in pediatric practice and their colleagrlcs in clinical bioc!,e~nistry, 

to pin  do^%% a firm minimum volume of blood necessary for any one test. In cliriicnl 

practice, accuracy and precision a re  not considerations of the first rank a s  they a re  in re- 

search methods because the question to be answered is different, i. e. '7s the patient in 

the normal range'? " vs "Is the subject showing any changes, even in the normal range? " 

The experimenters involved must agree on minimum acceptable volumes for analyses which 

have been thoroughly checked for sensitivity, precision and accuracy (see Section 4.8). 

Then volumes required for calcitonin (25 cc senm/test) ,  free thyroxine (3 cc serum/test, 

hemoglobin (2 ce whole blood/test), and prothrombin consumption (3 cc serum/test) can 

probably be reduced. In addition, samples for serum electrolytes and isotopic mineral 

metabolism can probably be combined to reduce the total sample required. 

Another factor, besides blood volume required, which impinges on measurement frequency 

concerns expencfables. For every sample of blood, urine, feces and sweat, some expend- 

ables will be used. The number of expendables per clay is shown in Table 4.2-9. The 

weights and volumes in Table 4.2-10 a r e  estinlates based on commercial plastic disposable 

Iabware. They total less than 15 lh/per week. Our recommended frequency sc5eduBe for 

the meamlremellts is orice per week with two exceptions noted above. E we assume that 

laboratory deveioprnent of methods coati~rnes to r e & ~ c e  the  sample t~olmme nccessxqr for 

each analysis, the weight of expendables also tviIl decrease. 



For cxample, a 1 2  ce decrease in the size of n syringe with which to Lakc 2 sample rew~l-ls 

in a 15 gram savirs in weight/syriqe. Similz~i- reductions in storage containers and tile 

like a re  indeed possible with de;creases in s:rniple volume. 

The measurezent fre,quency schedule which w a s  finally chosen is depicted in Ta,ble 4.2-5. 

This shows the amounts of biological fluids collected eaeh day of a week. The same 

sampling schedule is repeated every seven &ys of a 56-day mission with one exception wllich 

is noted. Tables 4.2-6, 4.2-7, and 4.2- 8 explain which measurements a re  done on-bard 

and which post-flight. It also shows which days measurements a r e  performed or samples 

a r e  taken for post-flight analysis. Except for urine volume, feces wet weight, and return of 

total dry stool which must be done every day, most measurements a r e  sampled $or o r  per- 

formed on-board once a week only. There a r e  two other exceptions to  this: a sample is 

collected for calcitonin analysis (post-flight) once-every 14  days; blood morphology, RBC 

(Total), WBC (Total), WBC Differential, Platelet smear and reticulocyte count a r e  per- 

formed on-board twice a week. 

Table 4.2-9 lists the n~mibers of expendables of each type needed eaeh day of the ?-day 

rotating schedule. It also lists the total number of expendables of each type needed for a 

56-day mission. Table 4.2 -10 lists launch weight and volume penalties for each disposable 

and totals for a 56-day mission. Table 4.2-11 lists return volume and weight peralties re- 

sulting from the sampling schedules of Table 4.2-5 according to the type of storage required. 

In this table, feces has been spelled out a s  a separate item because the G F E  device and 

method for feces lyophilization probably will not dry the feces completely. Therefore, feces, 

will have to  be stored in the refrigerator o r  freezer to prevent gaseous degradation. If 

completely dry, it would be possible to store the feces at cabin ambient temperature. 
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Table 4. 2-6. Blood - Sever! D:lg Rotating Sanipling Reg$rnen 
T ~ s t s  to be ."ie~~i~:iiicji::ited 

Vohme for 
JIeasurement 

hleasurement 

Bilirubin 

LDH 

LDFI lsoenzymes 

SGOT 

SGPT 

PEI 

Trans ferrins 

Calcium 

Pl~osphate 

Cholesterol 

BUN 

Uric Acid 

Allcaline Phosphatase 

CPK 

Immunoglobulins 

Complement Titration 

Antibody Titration 

Parathyroid Hormone 
(Radioimmune Technique 

Blood Cell Morphology Whole Blood 

RBC (Total) Whole Blood 

WBC (Total) Whole Blood 

WBC Differential Whole Blood 

* In every case wlzere serurn o r  plasma is required, approximately twice that volume of 
blood must be withdrawn. 



Table 4.2-6. Blood - Seven Day RoL:>t~ng Samp1i:rg Reg-i~nen 
Tests  "c be tAeciin~mocix"c,.rl (Cont) --- -*- - ----- 

/ Volu~ne lor  On-Board 0-- -1 
DIeasurement 3 I e t l l ~ d  of 

iLIeasurei~lent Type of Fluid 1 in Gupl icn~e  Preservation 
I A 

-- 

Platelet Estimate LVhole Blood 
(smear) 

Day Two 

Oxalated Blood 

Oxalated Blood 

Oxalated Blood 

Oxalated Plasma 

Oxalated Plasma 

Oxalated Plasma 

Whole Blood 

"Heparinized Capillary Tubes shct~ild be employed 

**Examples of ezsi'ly flight qi~alified rneasuren~ent techniques which ivill have post-f!it=.ht 
backups, 

***Once every two weeks F 4-65 



Table 4.2-6. Blood - Severz Day Rst.zt;ng S;lmpiir:g Regimen 
Tests to be i-lccomrl.odated (Corzt) 

easurernent 

RBC (Total) Whole blood 

WBC (Total) Whole Blood 

WBC Differential Whole Blood 

Platelet Estimate Whold Blood 
(smear) 

Reticulocyte Count Whole Blood 

CPK* 

BUN* 

Lactic Dehydrogenase* 

Fibrinogen Heparinized Plasma 

ACTH Heparinized Plasma 

Blood Lipids 

Mineral Metabolism by 

*Examples of easily flight qualified measurement techniques vahich wil l  have post-flight 
backups, 



Table 4,2 - 7 U r i n e  - Scven Day Lotal-ing Sampling Regin? erl 
Tests to be hccornmodateci 

----- 
e for TvIelrsure~ilent Boarcl OY AZet'rod 

Measurement of Preservation 
----- 

Day One 

Accurate Urine Volume ---- On-Board 

0 
Pyrophosphates Freeze (-20 C) 

Hydroxg-prolines 

VnlA 

5-EnAA 

M agne s itun 

Day Two 

0 
17 -Hydroxycorticosterioj ds Freeze (-20 C) 

0 
17 -Ketos teroids Freeze (-20 C )  

Day Three 

* In all cases, samples will be taken from 24-hour pooled urine outputs 



Table 4,2-7 Urine - Seven Bay I10t:~ting Sampling Regimen 
Tests to be Aeconlrilodzited (Cart) 

On-Board 

---- On-Board 

Specific Gravity On-Board 

On-Board 

On-Board 

On-Board 

Microscopic Exam On-Board 

On-Board 

On-Board 

Total Amino Acids 

0 
Freeze  (-20 6 )  

0 
Freeze  (-20 C) 

Phosphorus 

Sodium 

0 
Freeze (-20 C) 

o 
Freeze (-20 C) 



Table 4.2-7 Urine - Seven D?y Rotating Sampling X ~ g i i z ~ e u  
Tes ts  to be Recomodated (Conl) 

On-Board o r  3let:lod 
hleasurement of Preservation 

0 
Freeze (-20 C) 

Accurate Urine Voltme On-Eoarci 

0 
Freeze (-20 C) 

Mineral Metabolism by 
Isotopic Techniques 

0 
Freeze (-20 6 )  with 
sodium. metabisulphite 
as preservative 

Accurate Urine Volume 



Table 4.2-8. Feces, &licrohiology anti S3..e:tt-Sewn Day Rotating Snrnpiing Regimen 
Measureme~its to be heiomrnncktecl 

.h 7 
em-- 

Accurate Feces Wet Weight - On-Board 

0 0 
Return of Total Dry Stool - Drying On-Board; Storage at  4 C o r  -20 C. 

1 

DAY 3, 4, 5, 6 or  7 (Dcpendeilt on when astronauts defecate) 

N, 9, P, Na, K, 61, Vg. - A 20  cc sample of feces from each astronaut must be frozen 
(-20 C) and stored (-20 C) for post-flight analysis (once each week). 

Body microflora - 1 cc sample from the stool of each astronaut must be subjected to micro- 
biological culture and preservation (once each week); 5 cc sample from the stool is to be f lash 

0 
frozen and preserved at -70 C. 

DAY 7 (Before sweat measurement) 

Body microflora sampling and culturing other than feces, and environmental sampling and 
culturing 

DAY 7 (After Body BIicroflora Sampling) 

Sweat Measurement and Sample Return - Volume measurement on-board; sweat and rinse 
water from astronauts body and underwear is to be pooled and a 5 ml sample is to be frozen 

0 0 
(-20 C) and stored (-20 C) for post-flight analysis. 



Tahlc 4.1- 0. Naiiibei 0: Di~pobablcs* for Laixrntor)~ Analyses  



Table 4.2-9. Kurnber of Disposabl<~si"" for T,3bcratory Analyses (Cont) 



Table 4.2-9. Number of Dispuszbles* for Laborcctory Analyses  (Cont) 
- - 

** Probably a mixture of both 
*** Once e v e r y  two weeks  



Table 4.2-9. Number of Disposables* for  Laboratory Analyses (Conc) 

-- 

Rodac Plates Containing 

Sterile Swabs 

Disinfect. Fluid Ampule 

*The sizes  of most syringes, centrifuge tubes, containers, etc. , shown in this  chart  are not - 
standard commercial i tems, but were chosen to  minimize weight and volume. Use of sta.ndasd 
iterns would markedly increase volume and weight. "Syringe-tubes" are sti l l  in the concept 
stage. They replace 4 separate iterns a l l  01 the same size. 



*These voi-citnes include 50 pereen"if the actual vof~rne  of the e;i-pc:1.3ableu as a 
packaging fraction. 



Expendable Item Quantity Needed 

1 0  ml  Centrifbge Tube 
containing Heparin 

Karyotyping Culture 

Transfer Syringes 

6 ml Centrifuge Tube 
Containing Heparin 

3 ml Transfer Syringe 

1 4  ml  Storage Con- 

6 ml Syringe-Tube 
Containing Citrate 

46 ml Storage Con- 

44 ml Storage Con- 

20 ml Storage Con- 

5 ml Storage Con- 

**Once every two weeks, 



Table 4.2-10. Csreight and Volume of Expend~bles  to be Launched (Cont) 'i 

Quaxtity Reeded 

tainer Containing r;ia 

Metabisulfate 

Storage Containers for 

20 ml Containers for 

5 ml Containers for 

199 H Medium 

Celhlar FixsMco 

2% Aceto-orceiri Stain 

Mounting hi edium 

Hematological Stains 

Gowcr Diluting Fluid 

2% Acetic Acid 

Sheets of Photo. Film 

Paper Sticks for 0x1- 
Board Chemical 

Calernical Pellets, cte. 



, , 
1 :tl~le -1. 2-l@.iVeight ar,d Volume of Ex~enc i~b1 t . s  to be Launciieit (Conk) 

Quantity Neede 

Disinfect. n u i d  

*** Some ::.ethod of tapping the life support system for CO needed for lymphmyte 
karyo:)ping is feasible. 

2 



Table 4, 2-11 .';C'eighL anci Volrime of i Is ter i l fc  to he Re"curned 
from OR5 to Ground (Resrtppiy Period of 6 0  Dnys) 

Biological illaterial 

- - - -  

Cabin Ambient 

Feces 



4.3 -- HET\IATOI;OGY 

Despite developmcr~nl difficulties, every effort sho~llc: be mzde to perform the hema- 

tological sampling and measurements (see !;ei:tiorr 4.2.2.  I) a s  a minimum package f o ~  

initial IhIGLlIS missions. A s  future flights a r e  plznned and a s  data from early flights 

a r e  analyzed and interpreted, a grexter number of hematological measurements of 

increased comple,xity can be considered. 

4 . 3 . 1  SELECTION AND RATIONALE 

The rationales used for selecting blood tests  for TP,,IIBLRIS flights and rationales a s  to 

where the blood tests  should be performed (i. e. , on-board o r  post-flight on in-flight 

samples) a r e  found in Section 4.2.2.1.  The hematology of the asi;rooa.clf;s i s  well 

covered by the measurements chosen. ~ e r f o r m a n c e  of RBC (total) and WBC (total) 

every three days is recommended (see also Section 4 .2 .3 ) :  thus, alterations can be 

spotted quickly from data dumped to ground. WBC differentials should be done every 

three  days also. Changes in profile would yield early information on infections, should 

they occur, s t ress  and radiation changes. Reticulocyte count will monitor erythropoeisis, 

while RBC survival will yield information concerning the life-span of erythrocytes during 

flight. 

Hematocrit, hemoglobin, RBC Mass and plasma volume will furnish valuable information 

concerning space flight affects on these hematological factors, known t o  have changed on 

the Gemini missions. Platelet estimates (smear),  clotting and bleeding times will give 

real  t ime fixes on the blood clotting systems in the astronauts while prothrombin 

consumption, fibrinogen and fibrinolytic activity measurements will give post-flight 

data on clotting in more detail from in-flight samples. It would seem that this group of 

measurements more than adequately covers the a r e s  cf hematology for the projected 

IMBLMS missions. Of course, later modifications of in-flight sampling and measurements 

schettules can be made based on the results of early flights. 
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4.3.2 Ii\IPLE3IET\EATIOn' 

SarL1pling and measurements in  the hcbm:~tologicz_l 3re:L present many prob1~~y:s. ?,la jor 

pieces of erluipment a r e  necess;rry, L2:lmely n eentrifuqc:, a micr*osco:)e and a r:?ci~c- 

activity -nleasil;.ernent device ( see  Ap;~enclis A - ble,?sL~rc?-::rnt Spccificxtion Fl:et.ts). 

It would also he desireable to have a photornicrogrnpl-Ly a.ttclchme~t for the microscope 

to permit permanent recording of fields observed in  space for pa~t-flight verification. 

All in-flight measurements necessit2te 13bcli1g a s  to source, time, &te, and obser$er.  

A great  deal of t ime will be needed to  t ra in astronauts to become competent technicians 

in blood sampling and operation of equipment. T o  make blood counts and to stain and 

disti~iguish \VBC differentials, would reyuire even more training and competence il' 

astronauts have no medical training (see FFBD'S, Appendix B). A11 data observed 

would have t o  be recorded in appropriate forms a;ld rel:tycd to ground co:drol (see  

Voltme TII, data handling). The entire process of hematological sampling xnd measure- 

ment is extremely complex especially when done in  a spacecraft (see Human Engineering 

Work Sheets, Appendix C). 

Problems unique t o  the field of hematology in IMBLMS are:  

a. Toxicity and hazard of reagents 

b. Radioactivity of labeling solution 

The fixing and staining solutions usually used fo r  WBC differential, reticulocyte count, 

and platelet estimate (smear) a r e  extremely toxic and flammable. They a r e  methanol- 

based solutions. However, the amount of solutions used for any one determination a r e  

very small ,  l ess  than 30 m l  of stain and 30 ml  of fixative. One approach is to package 

the reagents in  small  amounts i n  containment devices for  preventing spills. Alternately, 

non-toxic/non-hazardous reagents could be develoned with a lead-time of l e s s  than tv:o 

years.  Another alternative is phase contrast microscopy which would be very easy to 

implement and would exact no grea te r  penalties than regular mlcrosccpy. 



The radioactivity of isotopes needed in determilring plasma volmne, red cell mass and 

red cell survival is also a problem. 

3 2 
DFP for red  cell survival and red cell m;.ss is not the best choice because of the 

3 2 
short half-life of P . Extremely large quantities of the isotope would have to be 

injected pre-flight (possible health hazard) or talien along (heavy shielding- and remote 

handling capabilities necessary) to perform the measurements over a period of 60 dnys. 

Some other isotope such a s  E'e5' o r  C!r51 with a much longer half-life might be more 

appropriate. 

4 .3 .3  DESIGN CONSIDERATIONS 

There a r e  three critical environmental p a r a m ~ t e r s  which may produce problems in 

doing hematological measurements in a space vehicle. First,  weightlessness causes 

the most severe difficulties for on-board sampling and measurement. The problem of 

handling, containing and transferring fluids troublesome. With respec to hematology, 

these would be injection and withdrawal of samples from closed containers. Because 

of weightlessness, finger, ea r  lobe o r  venipuncture, and blood withdrawal becomes 

very complicated (see Human Engineering Work Sheets, Appendix C). Every action of 

the astronaut doing the sampling will produce a reaction in the subject astronaut and 

vice versa. Both astronauts will have to  be physically restrained by7 devices anchored 

to the spacecraft. Otherwise, attempts at venipuncture could lead t o  serious physical 

darkage. For the same reason, all clinical laboratory procedures including sampling 

will require significantly increased periods of time to perform (as  compared to earth- 

based laboratory times). 

The type of gaseous atmosphere employed may also cause problems. Oxygen tension 

markedly altered a s  compared with earth normal may seriously al ter  results of m, pasure- 

ments unless control studies performed on the ground prove otherwise. Techniques 

may require modification to make values obtained in orbit comparable to  ground controls. 



The same i s  t rue  of ~ i t r i q e n  te1.1sion. In am- crrse- preliminlrv 1nl )or r r t~rv  trstin,g ~ : i ] l  

be n c c e s s ~ r g  i n  a gr~~:l;d-'ixist,d Inimrxtor:. J: itli tho sfinlc gttscous : r i :~~csphero :md 

pressure as thr t  of the spzcecrnfl. 

Tlre atmospheric pressure of the s ~ n e e c r a f t  rnay proc;ttce severe ciiE5cutties with the 

reagent and sa-mple containers. unless r e q c n t s  and sample containers a r e  hcttled 

pre-flight urlder the pressure used in the sspacecrait, spillage may occur when with- 

drawing aliquots o r  injecting samples, Containers must be tightly stoppered in case 

the i r  storage a r e a s  a r e  affected by unplanned EVA o r  pressure changes. Explosions 

o r  implosions may result u ~ l e s s  t l l s  possibi tity is kept in mind when these containers 

are designed. 





4.4. 2. 1 

Creiv requirements for sampling of bio'logical fluicis anci performing in-flight bioekemicai 

measurements a r e  a s  follows: 

a. Sampling excreta in the form of urine, feces and sweat. 

b. Separating and preparing portions of these samples for preservation for post- 
flight analysis. 

c. Submitting other portions of these samples to specific in-flight biochemical 
measurements. 

d, Storage of samples to be preserved in appropriate storage devices. 

e. Withdrasving blood samples by venipuncture and by finger, toe, heel o r  e a r  lobe 
puncture. 

f .  Preparing blood samples for preservatiori and/or in-flight biochemical measure- 
ment. This involves such operations as allowing the blood to clot o r  mixing with 
anticoagulant, centrifugation to separate serum o r  plasma from formed elements, 
separation of serum o r  plasma from formed elements, etc. ). 

g. (b) and (c) and (d) above on blood samples. 

h. Operation of equipment for performing biochemical analyses such a s  centrifuge, 
incubators, calorimeter, microscope, etc. 

i. Recording the results (meter readings, counts, etc) of measurements. 

j. Communicating the results of measurenlents to ground control. 

The crew-oriented requirements listed above a r e  for the most part  self-explanatory. They 

a r e  stated, however, in general form, and the s tep by s tep human engineering breakdowns 

of each of these tasks may in fact be very complex. (See Human Engineering work sheets, 

Appendix C. ) Taking each requirement separately, we can discuss these complexities to 

a limited extent. 



C'ate - 
Collection of spec.in~cns of urilie arlcl feces IIIDY b2 relatively sir,lpEe. trarious devices to 

do this automatica;!y have been develnped to the prototype st2ge ie, g., the GE Urine 

Sampling and Volunle LIeasuring System, SASVI-1300). If plastic bags o r  containers a r e  

used, 24-hour pooled urine collections can he niade and an aliqot talcen. Feces present 

some difficulty. The problem of separating snlnllcr samples froni total output in the absence 

of gravity may be troublesome, especially from a housekeeping and cleanliness point of 

view. The use of flexible containers which can be squeezed to  nlix the sample and t o  expel 

parts of their contents through small orifices may be a solution and the sue of syringes 

is another potential approach. Because of sampling uncertainties, we reconlmend mass  

measuring of the total wet fecal specimen, lyophilization and storage, 

Collection of sweat presents greater problems. Flexible plastic containers used to surround 

a limb and collect sv7eat can be treated a s  those used for manual collection of urine and 

feces. To collect the total output of sweat, however, nlay be difficult, if not impossible, 

in  space. Electrolytes,  for instance, can be collected by ivashing the astronauts1 under- 

wear and body surface in distilled water. Some initial plans for  collecting and sampling 

excreta a r e  discussed in the final report of NASA Contract S-ASW-1562. 

Category 2 - Separating and Preparing; Portions of Samples for Preservation for 
Post- Flight Analysis q 

Preparation for preservation may take the form of adding che:niczl stabilizers,  flash freez- a 
ing, freezing on a cold-finger, refrigeration, lyophilizing, some eombination of these 

methods o r  no operation of any kind. 

Category 3 - Submitting Other Portions of these Samples to SpeciSc I n - F l i E  
Biochemical X~leasuremnents 

Because of the great variety of different in-flight methods which may be employed, this p d 
7 7 

category is mentioned without description. Discussion of in-fligks measurement methodolo- 
a s  

gy is discussed elsewhere. Functional flow block diagrams desc~:bing these methods and P 

h_ 

the collectiotl through storage sequence have been prepared, s e e  ~?penclis B, 



Sampies to be Pi-eserved iii A- nronrint i i  S t t o ~ a ~ e  Dcvlce - -_2&-. -4 .--- d I- -" - -- 
This ta.sk ~ . i l l  prcbabiy be st~aig?lt-fo:=\\-nrd, T i  w i l i  consi,;t of plaiaiilg .s:i~nples in r~:irigc?-'~- 

tor,  f reezer ,  o r  a comp:lrtnlent a t  cabin r?mbic?nl f-emperature, 0:le important s:!kit!~ :li- in- 

volved here,  is appropri3te l?bch:~g  c!.' tile storage i.o:~t;lir;crs witti astroixiut nnmc, SO:I'~'CC, 

t ime of excretion o r  withdrawal, t ime of preparation far  storzge 3 r d  time of s torz~;e.  

21es 
P 

This i s  one of the   no st sensitive tasks which at least two of the astronauts will have to 

pen-form. The health, safety and well-being of the astronauts is involved, and procedures 

a r e  greatly complicated by the absence of gravity, (See discl~ssion in Section 4 . 3 . 3 .  ) In 

every case, the skin in  the a r ea  of puncture will have to be scrubbed with disinfectant solu-- 

tion. Syringes, o r  capillary talbes o r  micropipetter may be used tor capturing sctmples. 

Special devices developeci for IMBL&lS flights may be uscd i?l piace of, o r  ill adclition *LO tncsc, 

Withdrawal may be followed by placing the samples in corrtainers for further processing. 

l leasurei~ients  - 
Some of the procedures involved in this catesory a r e  spelled out in  the above list. Functior,- 

a1 flow diagrams for  these have been prepal'ed, s ee  appendix 13. The absence of gravity 

will present special problems, even in su-ch simple steps as  transferring samples fmni 

one container to  another. Special container desigxs may be required for this reason. 

Techniques will have to be developed to penni t  successful performance of all tasks under 

the condition which will exist in the OW§. (See discussion in  Section 4. 3.3. ) 

Category 7 - (b), (c) and (d) on Blood Samples 

The only requirement for handling blood which differs froin the discussions of Categories 

b, c and d i s  the necessity for separating plasma and serum from formed elements and 

handling o r  prevention of clot formation. The separation p~oblern may prove very difficult. 

Centrifugttion will segarate components, but careful hz~lcrfling of centrifuged aliquots be 



required to prevent remixing, i t  may Lz lii.ccssnry to ciesigi a ce:lta.ifi.~qc t ~ ~ b t :  .cvtt"u; F + ., 
to separate the components aucloi>:~itic.nii~- h g v  rcri;c;lc i%ontrcl w5ile  f ie ccnlri?.i;rge f s still 

running. 

cr:; foe. :?~.forniirg Bioch --- ---- S C S  -- 
A detailed discussion of all the various li:ch??"iques whirh ~ ~ i l l  b-3 neces~zry for in-fligr:l~t 

measurements i s  inapproprizte here, F:,zc ~ L I  jjri):>li ,118 arc, g-2:icr;ttcd by rile zbsoncc of 

gravity and spacecraft atmospfiere. Functional flow block diagrams for the devices con- 

templated for use a r e  found in appendix B, Additional information is fomd in human 

Engineering Work Sheets, appendix G .  A general discussion of crit ical e n v i r o m e n k ~ l  

factors is fomd i n  Section 4 . 3 . 3 .  

C a t ~ c o r g  1 0  - Con.immicatinc~ the rtcsul'cs c ? f  Aleasurernents - 
These data handling categories a r e  discussed in Volume 111. 

4.4.3 DESIGN COh,51DERATLO&S 

Design considerations a r e  similai: to those discussed under hematology; s ee  Section 4 . 3 . 3 .  



4,s CUTOT_,OGY 
p- 

Despite the difficuliius produced by the cJcei.;io:s to do Itaryotypieg ol:-bo:rrd, proT, is:oils 

for  the ~~~~~~~~~~~s snd  platx~iii for t h ~  tr~iinirig, irrii\ie~iscn!.:~ti(in oi 11u\\: te~'i11~1ques ~ i ? ~ i  

devices should :~r made because of the highly esseqtial nature of the il7_Eormatios~ galndcl, 

Data on the mutagenic qualities of space flight and space radiation will permif, the design of 

spacecraft for longer future missions. 

4.5.1 SELECTION AND RATIONALE 

If cytological techniques for  studying r e  ticulocy tes , leukocytes and platelets are excluded, 

the only measurement in the NASA list  v,hich falls under the general category, cytolog , 

is lymphocyte Eraryotjping. This is as  i t  should be, because methods used for oStaining 

hunran tissue samples other than blood io r  cytological and cytoche~rrical analysis, involve 

tissue biopsy which would be pairiul and dangerous in any spacecraft in orbit. 

Hematological stains used for reticulocytes, leukocytes and platelets a r e  those commonly 

used for cytoiogichl exaxination in the clinical laboratory. The possibility exists, 

however, for doing quantitative cytochernical anly ses  for enzymes, RNA , DNA, lipids, etc, 

Fine structure could be examined if fixation, pos t-fixation treatment and staining for post- 

flight electronmicroscopy were performed on blood san~ples.  This possibility can be no 

more than that for the time being. Fine cytochenxical and electron microscopic preparative 

methodology is extremely exquisite, involves many hazardous o r  toxic reagents, some 

hazardous procedures and an enormous amount of finesse. -4t the present time, feasibility 

exists only for some preparative steps, i. e. , fixation and storage for later processing and 

staining. It may, in fact, be possible to make a few extra smears  of blood cells to fix and 

store them for post-flight cytochemical examination. But no further on-board cytological 

techniques other than those for WBC differential, reticulocyte count and platelet estimate 

a r e  recommended a t  this time. 



The above a rgumc~i t s  also k;:;olcl LLI L t. id1 1; 11lpl'i~)cg ti? 1 ; ~  'i) ~tj~i?ii.,g, '~:Ic techlliqucs 

involved in doing k a ~  ,-ot;ping imnlecli~tely after blood n i thdrawal o r  in preser.i,iing ieu1,oe ytes 

for  cultures a t  a later time a r e  clifficult, t inie  eons-cuning and require cor~siderable sliili. 

Chrornosornal zbberatioas and an01'11alies, hoivei-er, a r e  an excellent means of ascer tfiining 

radiation exposure. In fact, karyotypes have been called biological radiation dosimeters. 

Although space flight itself may prodl-ice karyotype changes, the synergrstie effects of 

weightlessness and radiation a r e  the major unknowns. For  these reasons, cvery effort 

must be made to include ljrmlphocyte ltaryotyping in the measurement l ist  for  every IMBLBIS 

flight. 

It could be argued that, even though ltaryotyping i s  important, ljmphocytcs could be more  

easily preserved for post-flight culturing and a<alysis. The point is well taken. But i t  is 

our opinion that karyotjiping should be done on-board during the course of each mission 

because the results may be important in deciding whether a mission should continue. 

Dr. Michael Bender, ONL, Tennessee, who is principle investigator for the IMBLMS 

"Cytogenetic Study" (3Il11) agrees with this point of view. In the event that the frequency 

of chromoso~nal  anomalies reaches o r  surpasses some predetermined maximum pennissible  

frequency, the spacecraft would have to be recalled in order  to assure  crew health and 

safety. This concern with health and safety is a niajor argument for  developing the 

capability to do lymphocyte karyotyping on-board. On-board performance is feasible, 

with about a two-year lead time for flight-qualified hardware, and is therefore recommended. 

4.5.2 IMPLEMENTATION 

The techniques for  culturing lymphocytes, like many tissue culture methods for mammalian 

cells, a r e  very complex. The method used by Dr. Bender calls for  svithdrawal of 2 .5  to 5 m l  

heparinized whole b;ood, separation and withdrawal of r;he buffy coat (thin layer of leuko?,.tes 

and platelets which occurs bettveen the plasma and the erythocytes when a blood sample i s  

centrifuged), placing the cells in a medium composed of serum (can be of human o r  animal 

origin), 199II tissue culture medium, phytohemagglulinin, penicillin and streptomycin, 



0 
'The culture is then i n ~ ~ i 1 3 t e c I  ; i t  37 C for f h ' l ' ~ ~  i o  i ~ ~ i r  (I:x>~s, Eceausc thcl I I I P ~ I I I I I ~  is 

bufl'cred \\ i th  i3i~'~tl"Uoi::~te, hi4 CO.) 111 air illust ' ~ e  bllbbjecl ~Iil*o~ip,h l t  c , o n ~ l ~ ~ u o u s l y .  ('-1 LOI I -  
" 

taincr incorpor;i:ing a semi-pernieable membrane 5u-h a s  cellophane a ~ l d  exposed tc .;le 

gas rnicture described corrld pcrforln the same function in the absence of gravity,) At 

the end of the culfure period, col.chicine o r  other mitotic poisons a r e  added to the culture 

and incubated for  a fen hours, 

The cells a r e  then harvested, smeared on microscope slides s o  that the metaphase chro- 

mosonles a r e  spread out and separated, fixed and stained with aceto-orcein (phase micro- 

scopy may be a possible alternative). The well separated groups of 1net:xphase chrowo- 

somes a r e  then mounted by adding cover slip 2nd mounting medium on the slides, and the 

slide i s  examined under a microscope. Groups of chromosomes of the appropriate 

types (i t  takes skill to choose them) a r e  photographed using the highest magmification 

(90-100X oil immersion objective, 10-20X eye-piece, with resulting magnification of 

I, 000X-2,OOOX). Resolution needed is that found in the better research microscopes. 

If the total procedure, from drawing of blood to f i r s t  stage data reduction could be done 

on-board, the following sequence would occur, The photographic negatives a r e  developed 

and enlarged prints (8"  x 10") a r e  made, Each chromosonle from a single metaphase 

cell is cut out of the prints, pairs  a r e  matched, examined for anomalies and scored. 

The technique described in  the las t  sentence takes a great deal of skill. Dr, Bender 

estimates that i t  would take him two months to train a biologically unskilled astronaut 

to an adequate level of competence to perform this task. A s  all the other tasks he feels 

he could train an astronaut to do them in tm7o weeks. We feel that he is overly optimistic 

in estimating these training periods. He is, however, working on a device which would 

do the f i r s t  pha6.j of the analysis automatically usizg a computer with small  memory 

(50K core) and reducing the data to approximately 200 words per  karyotype which could 

be transmitted from spacecraft to ground, Dr ,  Bender concurs with the estimate that a 

f l ightqudif ied device could be developed within two years ,  given the necessary efl'ort 

and funcling, 



\.,hen the analysis of tile ~~~~~otlpe is eampletc, the results, iilcluding identif3ing info1 - 

nlatioiz, must then 1)e re1:;yrd to the aqtT-ltn,li~ts to grounci conl'ro!, In the case of the  

automatic deirice, ? telenletry d1-1mp of tile 2Oi) n o r d s  7,~ould be necessary from the com- 

puter with all the appropriate identifying infonnation (see Section 3, Data I\lsllagen,cnt, 

vol~~11le 111). 

Lf all data handing i s  to be perfornled on the ground, tn.0 alternntives exist, both of 

which rely upon spacecraft-ground TV transmission, (See Volume 111, Section 3,9 for 

discussion of TV), The T V  camera could be used for sending images of microscope 

fields directly to the ground where pictures could be taken, cut, chrolnosonles paired, 

and scoring done by a scanning device, A TV camera could also be used to transmit 

images of enlargements of microscope fields m$de on-board, with ensuing data reduction 

done on the ground, 

4.5.2.1 On-Board 
0 

Equipment required for on-board measurement includes centrifuge, incubator (37 C ) ,  

microscope with photographic attachment. Provision must be made for 5% C 0 2  to be 

passed over perm-selective membranes in culture vessels (in concept stage). Small 

amounts of CO a r e  involved here and pose no safety problem, It  might be possible to 
2 

generate the CO needed, from the life support system, Lf an automatic device for karyo- 2 
type measurement and data reduction i s  not available, provision would have to be made 

for  prclducing photographic enlargements of cell images, It might be possible to do this 

with a properly adapted on-board microscope, but an on-board photo-processing capability 

would be required, 

4.5.2,2 Post-Flight 

Preservation of leu~kocytes for post-flight karyotyping is a less  complicated procedure 

but may well be even more expensive from an engineering design poi~lt of view. A 2.5 to 

5 ml heparinized whole blood sample i s  withclratvn and centrifuged, The huffy coat i s  

again separated out. It i s  then addtiif to 199H hIediun1, Glycerol is  added to 1ilal;e up a 

f ind  concentration of 10--?5~$ (dil?-iethylstdfosiile is an alternative); this z,\istui-e is tiler1 

1 -(42 



dlowed to stand for  10 mixlutes at room temperature, Kex3, the n1i:iLure is frozen at t he  
d - 3  

it" 13:ltc of 1 o C/rninute starting at 20-25 o C mti l  3 Efrral ternpecd~tre of -30 o C is reached. 
o 

The contziner with the frozen mimure is thzm stored at -70 C o r  ioxer. (Dr. Bcndcr rzscs 

liquid nitrogen). This procedure has no discernible effect on the vial~ility arid mitoti- 

yields of ljmphocytes cultured after preservation according to Bender; no differences 

B have been seen in the liaryotypes produced without preservation and those with it, but 

a rigorous test of this hypothesis i s  necessary before the preservation approach c= be 

accepted as  valid. 

He feels that i t  wo~dd take him only two weeks to train an unskilled astronaut to perform 

the techniques required for preservation, but this, too, may be overly optimistic. 

For on-board karyotyping, see FFBD's, Appendix B, Measurement Spec. Sheets, Appen- 

dix A, and Human Engineering Work Sheets, Appendix C. 

4.5.3 DESIGN COKSIDERATIONS 

See Section 4.3.3.  The design considerations of critical environmental parameters is 

discussed a t  length for hematology in the section noted. The same restrictions a r e  in- 

volved in doing karyotyping. The additional problem exists in that a liquid m e d i ~ m  re-  

quires incubation for three-four days. 



There a r e  two arexs which microbiologj~,'immunology proceduras for IhI3LAIS should 

investigate: 

a. Health and Safety of the Crew 

b. Epidernological and Scientific 

Eyuipment, technical limitations, training and experience, time demands, and sensitivity 

of the methods necessary to  accomplish the f i rs t  objective in  a manner consistent with 

obtaining meaningful resul ts  have heen reviewed, It  was concluded that diagnostic capa- 

bilities cannot be supported by on-board operations. The depth necessary to meet the 

information demands for accurate, reliable medical decision-making is beyond the capa- 

city of the technical capability which can be made available in IMBLMS. Significant 

shifts in microbiological populations can occur in a closed ecological system. These 

shifts could be potentially dangerous to the crew, but it is virtually impossible to  predict 

in advance what changes t o  anticipate or what counter-measvwes to institute. Realistic 

preparation for these eventualities a r e  possible only if carefully controlled, ground-"used 

studies a r e  conducted. Semiautomated devices for viral  immuno-agglutination or  fluor- 

escent antibody detection of bacteria a re  considered to be basically unsuitable. Objecticns 

such a s  questionable sensitivity, reagent shelf-life stability, high specificity requirements, 

and difficulty in interpretation strongly argxie against employing these techniques in-flight. 

We a r e  dealing with exceptionally healthy adults. A quarantine of the spacecraft,pre-launch, 

might alter the requirement for information needed for real-time medical decisions. 

In-house studies have been performed on the development of a semiautomated device which 

will stain bacteria: organisms for on-board examination (e. g. Gram stain). It is felt that 

this  capability would psoi~ide a measure of information for medical decisions. 

If specific information for medical decision -maL;it~g i s  desired, the number of cli~xical 

determinations possibie in the a reas  of microbiology a n d  iminuriology is staggering. 



Gradwohlls Clinical I,abaratorv hiethocls R. Ihgnosrs ,  (l3cf. 1) Volullre I, clet:tils -159 

pages of infnrmatiotl on h : tc ie r i~ lvq1t~1 ,  crt-olo,rr~eal :~nti ~ ~ ~ ~ i ~ l ~ ~ ~ c ~ i ( ~ g l c f i l  tests, inc lu~ i r i ly  

3-1 bdctr_.r*lal stsins ar.all:iljle for its t? .  not to  inenticti speclit1 st:llns for cap:;ules, sporcs 

and flagella. Crom Gall, (Ref. 3 ,  3 ,  1) I3osebur.y r e f .  5) aurd others (lief, 6 ,  7) sz \ .e ra l  

l is ts  of microorganisms important to  health and salct j  have been compllecl; an a r r a y  of 

some 20 genera of bacteria and 9 spccific viruses (5 types) have been suggested a s  

important markers  for identification purposes (see Table 4.6-1). 

Table 4.6-1 Twenty-five ilIicroorganism, Potentially 
Pathogenic for Spacecraft Crew 

Staphylococc~~s aureus 

Streptococcus pyogenies (Group A) 

Streptococcus viridans 

Diplococcus pneumoniae 

Clostridium per  kingens 

C orynebacterium diphtkeriae 

Neisseria meningitidis 

Haemophilus influenzae 

Fusospirochetal organisms 

Bacteroides funduliformis 

Escherichia coli (polyvalent path. serotypes) 

Pseudomonas aeruginosa 

Pr oteus species (polyvalent antiser a) 

Klebsiella pneumoniae 

Adenovirus (types 3, 4, 7) 

Reovirus (Echo 10j  

Rhinovirus (Echo 28) 

Coxsackie virus (A & B) 

Mgxovirus influenza (A & B) 
2 

Salmonella (Groups A, C, C C2, D, & E) 1' 
Shigella (Groups A, B, C, &D) 

Candida alhicans I 
I Actinomyces i s rae l i  I 

Nocardia asteroides 1 



Valici 31-giiinents covtd 1)e advanced for tho inclusion of aclclitional canclidates or h r  the  

exc.ltision of others 011 t h i s  list, Xo 11i~ittcr what the final choice, rellablt: i r i ~ n " L l i l c . : l t t ~ : ~  

of tkesc o~~gan i sms  bg- on-hoard protcr1ur.c.c: wo~ilrf -rcr!t;i:-c nn t n t , r n - i o ~ ~ s  3r1-2~ of I-$;~L.C'~I! 

instruments, and cther harc?u.are. Any set of choice., ~vocrld deptnd, ultimately, on ci-t.rlce. 

If reliable information for real-t mie medical decisions i s  to  be provided, then sufficicrlt 

alternatives in testing proceciures must be available. 

For these reasons, ir~~munolog-ical and microbiological investigations for 1;trIBLAIS will 

be limited to: 

a. Epidemiolo@cal - Routine csllection of samples from crew and cabin areas ,  
followed by preservation, and post-fli$t analysis by ground-base laboratories. 

b. - Scientific - Practical experiments which will provide new scientific inforrnztion 
and specific answers for future long-term nlanned fligkts. 

In a closed, ecological system such a s  a spacecraft, indigenous microorganisms can 

undergo a number of modificatioas: Some of the microflora may die out entirely. Other 

species will, in time, dominate, either to  the benefit or detriment of the crew members. 

Sudden shifts in the population could be precipitzted by an overt bacterial infection in one 

of the crew. The consequences of such an event a r e  anpredictable. Since informati011 

on the effects of these biological interchanges within a closed system is not now avail- 

able, such testing must be conducted in the pre-launch period. 

If the epidemiological and scientific objective is considered, a program like that which 

follo\vs must be implemented: 

a. Pre-launch preparations must include a careful analysis of a l l  rnicroflora 
indigenous to  each crew member, along with a comprehensive program of 
immunolo~-ical procedures. Determination of what mag constitute potentially 
"dangerous" organisms to  the mission can, and should be made at that t ime, 
and appropriate action taken, e. g. : 



1. Replacement of "dangerous" crew men?ber(s) with back-up astronauts. 

2. Antibiotic therapy to  el i~~l lr lnte  suspectecl organismfs) 1rtcCo-t.e l:tunc!l datc. 

b. Pre-laur~ch yrogr:tm for the acti131 spaccc ra i t  niiiit  lr~clilde the Sollowing a s  
minimum ,~recautions: 

1. Reduction of personnel entteritsg and leaving the living quarters  of tile craft 
t o  a minimum beginning at least one to two weeks before launch. 

2. Control of essential personnel to minimize additions to  the microflora within 
the spacecraft. Measures such a s  s ter i le  protective outer garments, including 
shoe protectors, disinfection of tools, thorough washing of hands, etc. , must 
be  rigorously enforced. 

If the above program is instituted, there should be no need of real-time microbiolo@cal 

testing of astronauts for health and safety reasons. 

It is 'thus recommended that a l l  nLicrobiologica1 and immunological testing be performed 

post-flight on in-flight samples. In the case of bacteria and fungi, a short  in-flight incu- 
0 

bation prior to  storage at 4 C will be required. 

4 . 6 . 1  SELECTION AND RATIONALE 

4 .6 .1 .1  Bacterial Identification 

4.6 .1 .1 .1  Isolation - According t o  Gradwohl, (Ref. 1) the most important principle of 

bacterial  identification is the necessity of worliing with pure culture -- "It is well-nigh 

impossible to  correctly identify mixed cultures.11 Picking colonies to  achieve a pure culture 

involves time-consuming s teps and a certain amount of expertise. Also implied is a variety 

of culture media needed for selective transfer,  the t ime required t o  re-grow the selected 

colonies, and the subsequent transfer t o  selective media. Selection, isolation and identifi- 

cation leads to  a rather formidable pyramiding of subcultures with consequent heavy demands 

of time and space. 



4,6. 1. 1. 2 Fluorescent Antihodv Dctectioil (&'A) - 'I'his method probal-jiy lends iiscif ijetter 

than tiny olIicr to pos~rb le  , 7 u t ( ~ r l l ; i t i ( ~  ins l run ;cn~; i l i~ \ ! l  tvit5 3 rninimrt111 of manual clcn-iantls. 

Nevertheless, r e l i ahk  and ~3ccilr:tte rcdtilts depend uprbr the follo\ving: 

3 4 
a. Presence of sufiicient rluat~tities (3pproxin1atcly 1 0  -10  organisms) of type-specific 

bacteria to elicit a detectable response to specific, labeled antibody. 

b. Determination of 'uacliground fluorescence; and conversely, provision for the pnssr- 
bility of naturally occurritig materials within any given sample which might absorb 
fluorescence (quenching) thus masking results. lu'ormal testing procedures call  for 
pre-processing of specimens to  reduce thesp contaminants to  a minimum. 

c. Stability of the la%cled antibody reagents. It; oi..clc-rS to  a ,sure  r; reasonable 'I'cII's?-- 

tility and capability, a rather large variety of these reagents would be  necessary, 
all  of which may not possess the same degree of shelf-life stability over a given 

time period. - 

d. Reliable interpretation of results. The subjective nature of viral  readout, due to 
c ross  reactions, non-specific staining, and quenching especially with unprocessed, 
raw samples requires considerable training and ex~er ience .  Automatic machine 
sensing may not be sufficiently discriminating for reliable performance. 

4 . 6 . 1 . 1 . 3  Staining JIethocls - - This represents  the most practical approach but can only 

produce crude bacterial identification. Although an auioniated method for applying 5 reagents 

(simple Gram stain) to a slide, through a tillled sequence, and ander z e r o 4  conditions 

requires  considerable developrrlent, such a device is feasible. The development and qualifi- 

cation could be accompLished with a lead t ime of from 12 to  18 months. Therefore, straining 

is a subject for study and development for possible late IMBLMS add-on. 

4.6.1.2 Viral Identification 

Isolation of any viral  particles from an apparently healthy individual is an extremely diifi- 

cult t a sk  (and a very unlikely event) even with the full i e somces  of a well-equipped labors- 

tory. Successful isolation during an overt viral  infection is dependent upon the time at 

which the appropriate sclmple is taket~,  i, e. ,  during the extracellular phase of replication 

when vlrus is actively belrlg shed. 



4. G .  1. 3. 1 Isolation 

The n ~ o s t  sensitive method of vizufll itlcntific3tion is thrnn:I; i i ss t~c culture iso!ntion rnethoclc;, 

IIouever, the problen~ of g ~ o u i n g  :ind n~nrlitalr~iil:, :? stcrcl, o; IlssLio rnono!aycrs untier sp:tce 

flight conditions hds not been studiei!. Sirlee virus ~:1r5icies a r e  specific in their affir,iLy 

for cells,  tissue stocks from more than one source wottld Imve to be provided and maintained. 

Subsewent identification of zng' ~ i r u s  isolated would still be depencicsnt upon selective in- 

hibition follo\ving titration sgainst a battery of purified, specific actibodies carr ied a s  stocii 

reagents. Large numbers of reagents and eciuiprncr~t a r e  recruired. Lnhoratorv procedures 

take much time. The training (tissue culture i s  still more of an a r t  than a science) reallire- 

ments a r e  excessive. There i s  small chance for anjF positive results.  

4. 6.1. 2.2 Viral Immmo Agglutin a ti -on 

An imaginative approach to  specific viral identification has been sugggsted through the cse  

of antibody-sensitized "beads. '' (Ref. 8) The process depends upon the agglutination, 

caused by a specific antigenantibody reaction between the known antibody which i s  coated on 

the bead, and the corresponding virus  particle in the unknown sample. The clumps which 

form, assuming the specific viron i s  present, a r e  counted a s  they pass through a modified 

Coulter Counter orifice which i s  adjusted to  disregard the smaller,  unclumped beads a s  

background noise. It i s  very unlikely that the sensitivity of this method i s  low enough to  

detect any virus, even in a small  percentage of tests.  In addition, reIatively pure, high- 

t i tered antibody for many virus groups i s  very difficult to produce (e. g . ,  adenovirus, 

coxsackie). Some virus groups, such a s  coxsackie, have many types (24 Type A ,  6 Type 

B) for which no common antigen is known. Therefore, a very large number of partially 

purified, high-titered antibody-coated beads ~vould be needed to provide sufficient versa- 

tility for immunoagglutination. 

4.6.1.3 Immunological Methods 

Immunological techniques in general a r e  useful for determining the presence of either 

antigen o r  antibody. The common factor for  a majority of classical serological procedures 

i s  the need for a variable number of ser ial  dilutions to determine the highest dilution (or  

lowest concentration) wkLich i s  capable of elicitiag a positive response. 



A t  the present t ime, a practical teennique Eor process in^ liquid dilutions is nct feasible 

for  use in space and i s  likely to r~rnnira u;l_t'e:~sihle for at least 3-3 y m r s .  The methods 

a r e  time consuming, and require a Itxrge variety of reagents. 

Serological procedures will be performed post-flight on preserved sampies. A list of the 

common!y employed serological tes t s  i s  described belox: 

a. Complenlent Fixation (CF) - This i s  the most sensitive in t e r m s  of the arnormts 
of antibody/antigen which can be detected. On the other hand, it i s  one of the most 
difficult to perform. Successful execution of the C F  test  depends upon s t anh rd iza -  
tion of four variables (herrolysin from rabbit serum, cornple~lefit from guinea pig 
serum, sheep red blood cells,  and standardized antibody o r  antigen). These a r e  
t i trated against a fifth vtariable (unAno~nrn antigen o r  antibody). 

b. Hernagglutination (HA)d ----t ndHeclaplutin&ion - . . . . . - - - - l - l l - - - s .  Irkilsition IEQ- These titrations a r e  
employed for the presence of antigel1 o r  antibody in suspected virus infectious. 
This  i s  pal-ticuiarly t rue  where a rnyxovirus is suspected, although HA activity 
has  been detected for other viruses (adenovirus, measles). A supply of suitable, 
f resh red  blood cells i s  reauired since the reaction i s  dependent upon ~ t t achmen t  
of the virus particle to a s ~ e c i f i c  site on the red  cell  (or  iatibition of attachment). 
Numerous dilutions a r e  required for  each sample, also. 

c. Serum Agglutination - Primarily a bacteri.al antibody assay, this titration depends 
upon the formation of clumps a s  the result  of agglutination in serially diluted 
solutions of unlmown antibody mixed with a standard quantity of antigen. End points 
a r e  determined visually by holding each dilution in a ray of oblique light and rating 
the an~ount  of agglutination a s  0 through 4-t. Sirice the a.ntigen-antibody reaction 
is specific, large numbers of standardized antigen preparations would be necessary 
in  order  to  provide versatility. 

4.6.1.4 Immunoelectrophoresis 

While this  technique shows promise for  eventual space flight use, the identification of 

microbiological antibodies by on-board equipment is not feasible a t  this time. Samples 

must be purified before use, and there a r e  large power requirements. 

4.6.1. 5 Radioautography 

With radio labeling, sensitivity i s  increased up to 2 to 3 orders  of magnitude over irnmuno- 

agglutination o r  fluorescent antibody, 
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flowever, serious problems emerge with the choice of the isotope; soft emit ters  such as 

~3 1 4  
C present a minimum of radiation h:lmrd, with a co;icol-r~it;int redaclicn in shieIc3ng 

lid required. But, to achieve :zccuracv nr;ci precision with lov. nhmbcrs of or-g:*ni:;~l:s, 

8 extremely long counting periods {setlcral !lours to  days) ttould be required. For rnorr rapid 

a results,  the hard emit ters ,  such a s  potassiwn o r  phosphorus, m:~y be employed, but 

radiation danger and shielding rec~uirernents go up accordingly. 

4.6.2 IMPLEMENTATION - iLIICRORIOLOGICAL SAMPLING 

Actual samp!ing for presence of viable bacteria, fungi, and viruses will be done on each 

crew member and specified cabin a rea  once every seven days. For meaningful information, 

samples for  each individual and surface a rea  should be taken a s  close together a s  t ime and 

conditions permit. Data from these isolations will allow comparisons of the m i c r o f l o ~ i  to 

be made along with possible interpretxtlons a s  to  microbial population sNRs. Table 4. 6-2 

shows the a reas  to  be sampled, equipment needed, action required and final disposition of 

samples. 

4.6.2.1 Procedures 

4.6.2.1.1 Bacteria and Fungi 

A. Medium - In order  to conserve space and weight, only one medium, commercially 

prepared Blood Agar, will be used for  a l l  bacterial and fungal sampling. liodac plated 

will be pre-poured with fresh blood agar  medium immediately before Right and sealed 

until needed in air-tight containers to  prevent moisture loss  through evaporation. Sterile , 

plastic bags from which a i r  has been evacuated will contain enough Roclac plates, either 

per  bag o r  in  multiples, to  satisfy the requirements f3r each sampling period. 



R. Sanlpling - PC,-io:?.; -- - Eighf -.veek!y samples wit1 be reacircd. In addition, pre-launch 

~ : i m p l e s ,  g n t h c ~ . t ( l  *ir near t o  ~if%-off 3s is pinctie,il ( ixfore bzithi~~g), will also be retniired. 

These will  inrlutic t i l e  s:imf: bocly arz;ls a s  s&\ecifi~ci In 'fable 4. 6-2 a s  well a s  a final szirnple 

fro171 the ~t 'ork sur-i';~(;e an(! person<3l hvgiefie nrea. These cahizi sarnpies should he o!?tsir~ed 

just before the vehicle i s  closeci to begin the count c!o~vn routine. It i s  very important that 

pre-la~mch samples he taken in order to insure good baseline data for comparison purposes. 

Table 4.6-2. Schedule of AIicrobiological Sampling Areas,  Frequency 
and Method of Handling 



A s  r~~entionecl ear l ie r ,  routine s:rmples from body nre:is clr~ring the flight must be obta~r,ed 

ns  close together a s  is practical. It i s  nnticipntccl that irnmcdiatelv hefore prrsor:nl bv~; ivt~t~ 

perioils wil l  be the o,3timunl time. Limples f r? i~l  cnch bod\, . ircn s:iou!3 ::e ~ ~ i r r c l c  i n  sue- 

cessive order  on 9 3 ~ h  crew nler~~ili?r. 

C. Feces Sampling - One feces sample per man per week will be assayed for  bacterial 

and/or fungal growth. These samples from each individual should be gathered the s a n e  

day, if possjhle. It i s  not necessary to take feces samples at the same time body a reas  

a r e  sampled, 

The procedure is a s  folIol~s:  the t ips of two moist swabs per sample, a r e  draxn through 

the fecal material, making certain that, if the bolus i s  solid, the swabs break through 

the outer 1zyer. Each s m b  is rolled lengthwi~e over the surface of the a g u  In a Xodac 
0 

Plate. One plate i s  i ncub~ ted  aerobically at  33 C and the other under anaerobic conditions 
0 0 

at 35 C for  48 hours and t ransferred to  the 4 C storage area.  

D. Naso-phar,ynx - Two moist swabs a r e  rubbed over upper and lower gums on the left 

side of the mouth, under the towe and then rolled over the hard pallate a s  far  back in  

the mouth a s  possible. RIIaterial on each swab is transferred to Rodac plates a s  dessribed 

for  the feces samples, and incubated under aerobic and anaerobic conditions for  48 hours 

and stored a s  above. 

E. Axilla - Two Rodac plates each, in succession a r e  pressed firmly onto the skin for  

1 0  seconds, just under the left armpit,  then recovered, incubated and stored a s  above. 

F. Groin - The $rea just below the crotch, on the inside of the left leg a r e  sampled by 

firmIy pressuring for  10 seconds with two Rodac plates and incubating and storage a s  before. 

G.  Toes - The big toe of the left foot i s  held apart  and the  Rodac plate rolled firmly in the 

a r ea  between the toes a s  far  a s  possible. Part of the agar  surface can be used to press  

down on the ajacent toe-area. Incubate and store a s  above. 



4*4,2,1,2 viral Sampling 

A -  Eeces - This can be taken at  the same time a s  the bacterial/fungal sample is obtained. 
0 

S sil container is filled with fecal material, flash frozen and stored in the -70 C freezer. 

wa~o-~harynx  - A moist swab sample is obtained exactly a s  described in the bacterial 

procedure. The tip is then broken off as close to the swab-end as possible and dropped 

fl~e special vial containing 3 ml of a 50% glycerol solution. The container is recapped 
0 

anci*h& entire contents flash-frozen and stored in the -70 C freezer. 

4- @- 2, I. 3 Work Surfaces and Personal Hygiene Areas 

One Radac plate for each of the five surfaces t o  be sampled a r e  pressed firmly on the 

prescribed area. Plates a r e  incubated for aerobically only for 48 hours and then trans- 

ferr2d to the 4 ' ~  refrigerator area for storage. 

4* 6- 2.1.4 A i r  Sampling 

We considering the design of a modified sieve type a i r  sampler to be used at  the same 

the body areas a r e  sampled. Incubation would be aerobic only with storage at 4'~ as 

Ve. 
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4.7 R&D lIEQCTREAIEyTS - 
There a r e  five inain arcas tr-here rese::rch and dcvelopmcl~t efforts a r e  neeessayy. Firs t ,  

the developnlcnt of equipment, i. e . ,  n ~ a j o r  pieces r,l hardware must be started ear ly so  

that flight qualified hardware will 5c available by the earliest  possible flight clate. Next9 

expendables will require redesign and developr~ient to keep weight and volumes mjnirnal 

and for flight qualification. Third, methocls used in-tlight for coIlection, preservation and 

on-board messure~nent  n:wt be carefully ~vorl<ed out so  that the feasibility of their use is 

proved. Fourth, the effect of all  the environmental parameters which will exist in the OWS 

and which can be sin1ul:tted on the ground, upon the normal levels of all parameters to be 

measured must be ca reh l ly  evaluated in order  to distinguish the effects of spaceflight itself. 

Last, the actual astronauts who a r e  to be used on an IAlBLi\lLS mission must be studied pre- 

and post-flight to get a firm fix on the n o r m a ~ l e v e l s  and ranges of fluciuations cf all L'ne 

parameters studied. 

4.7.1 EQUIPMENT 

All equipment proposed must be designed within the power, weight and volume constraints 

of the spacecraft. Chief items of hardware necessaly a r e  centrifuge, refrigerator,  f reezer  
0 0 0 

(-20 C), freezer  (-7 0 C), incubator (37 C), microscope, photomicrographic attachment, 

spectrophotometer, and densitometer attachment, and a radioisotopy sensor. Not only 

must the usual procedures for the development of flight qualified hardware be followed for 

a l l  of the equipment needed but in  addition, prototype hardware must be made available for 

the training of the astronauts for IMBLMS missions. This "use-testingff should precede 

flight qualification because modifications may be necessary. 

4.7.2 EXPENDABLES 
-3 

Many of the expendables described in Section 4 . 2 . 3  a r e  not standard ie, g., "syringe tubesw). 

They require the same type of developmental program a s  that for equipment. Materials 

must be sought of low density which a t  the same time meet NASA requirements for low 

toxicity and flammability. It is possible that large savings in weight and e can be 



achieved by such a deveiop!::e:~l pro;-rrr:n, T?IP cniy !i:;;ils on sucli  a propat l i  ;re ti;-?e niiil 

money. If resetirc!~ and de\-elop;;~cnl. Tor IA!?31,77S r-..pel:d:ri~les is beg-ttn soor;, tiic effort 

invested in the del.-ices (~~iez~ti,)neci in  Section 4, '2.7) will rcqlizc significant s a v i n ~ s .  It 

i s  alsc necessary that prototype espeaci?b!es be a ~ : l ; l n i ~ I e  for a s t r o ~ n u t  training in 1A:BLALS 

procedures. Again, the "use-te:;tingl' s'noulci precede flight qualification procedures, 

4 . 7 . 3  IN-FLIGHT AND POST-FLIGIIT ilIETIIODOLOGV 

4 . 7 . 3 . 1  Collection and Preservation 

Many potentially troul~lesome areas  exist in the collection-preservation sequence. Blood 

withdrawal, separation of plasma and serum, separation and storage of feces sarr~ples and 

separation aud storage of urine samples a r e  all prol~lems. The consequences of all the 

operations involved in these tasks under zero gravity concJitions must he anticipated and 

resolved. Laboratory testing of such procedures must be performed over and over again 

under various conditions of simulation cintil techniques which a r e  acceptable a r e  found. 

These procedures must be formally adopted by NASA and written out in detailed SOP'S. 

4 . 7 . 3 . 2  Rleasurements 

After preliminary establishment of specific biochemical techniques for in-flight measure- 

ments, all  such techniques must be verified in e,xperimentersf laboratories and limits of 

accuracy, sensitivity and precision must be determined. These limits will be checked by 

double blind studies. If, during this period, any specific technique proves not feasible 

because of complexity, lack of precision o r  any other reason, a new technique must be 

developed and verified in a s imilar  manner o r  the measurement must be dropped from the 

in-flight list. 

During this initial t es t  period, NASA and Experimenters will accept specific techniques 

when they a r e  salisfied of their feasibility for in-flight use. SOPts will be generated for 

each technique. 



A second perlod of pre-flight testing of specific techniques wili foiiow a schedule dev~,lopeci 

for sampling and measurement for each IhlRL3IS flight (60-day periods) in a mock-up of 

the OLYS (in the gas 2ous atmosphere am? pressure tcr 1.e used for flight) with prototype o-- 

flight qualified I3IBL;1IS equipment. XI! techniques to be used will be repetitively tested 

following the schedules to be used in-tlight. Subjects employed should be the astronauts 

themselves o r  men of similar age, training, experience and health, who have received 

the same training as the astronauts for bio-chemical and sampling techniques. Any tech- 

niques which do not prove feasible for any reason during this period must be further revised 

o r  discarded. 

Al l  biochemical techniques to be used on-board should be incorporated in the pre1imin.a~ 

laboratory verification test plans a s  outlined above to test and evaluate their feasibility for 

in-flight use. 

Techniques employed on IMBLMS flights or,  for that matter, in the pursuit of any scientific 

proof, must be sensitive, precise and accurate enough to demonstrate variation if it occurs. 

It is not just the question of whether o r  not a specific measurement lies in the lrnormal 

rangev, which might be sufficient i f  the only concern were, "Is the astronaut sick o r  well " 

The data will be used to develop trends yielding predictions related to mission extension. 

For this reason, measurement techniques must be especially accurate, precise and sensitive, 

much more so  than those used in routine hospital clinical laboratories, 

4.7.4 EFFECT O F  ENVIROLWIENTAL VARIABLES ON IMBLMS MEASUREMENTS 

Good experimental design requires the study of the etfect of all the spacecraft environmental 

variables other than wu~eightlessnessfr upon healthy, adult males for a period at least a s  

long a s  that; of the IMBLBIS mission. 



~ l l  variables which can be simulated on the ground including gaseous atmosphere, pressure, 

tetnperakare, humidity, flight suits, flight schedules, confinement areas, etc. , should be 

built into a series of chamber runs upon groups of test subjects as similar as possible to 

the astronauts themselves (if astronauts a re  not available as  subjects). Without such 

rigorous pre-flight control studies, it may not be possible to distinguish changes produced 

by space flight. These chamber runs should be performed, as a minimum, pre- and post- 

flight. In addition, for both elegance and excellence of experimental design, there should be 

a chamber run, using the backup crew, concurrent with each IMBLMS flight. 

chamber studies concurrent with and post-flight, the methods employed must be identifi- 

cal to those used in-flight, Even the equipment used for sampling and measurements should 

be prototype o r  backup flight qualified hardware. Where in-flight samples a re  stored for 

post-flight analysis in chamber runs, the methods and storage equipment must be the equip- 

ment of those which a re  used in flight. Samples analyzed "post-flightff from chamber runs 

must use the same handling methods and measurement techniques used for flight samples. 

For all post-flight analyses of in-flight samples, the effectiveness of the preservation 

tcclnlique chosea must be checked out in the laboratory using the techniques to be employed 

on actual flight samples. Alterations of preservation method (e. g., temperature) must be 

done repeatedly for substances whose concentration is observed to change during storage, 

and/or standard curves of degradation must be generated so that the original concentrations 

of the sample can be predicted from my value after X days of storage. This would involve 

tcstilrg of samples every week after initial storage for 70-80 days for every substance on the 

"greserve+f list In order that families of curves can be generated for most possible initial - 

at Peast ten different initial concentrations of substances in biological fluids (varying 

OW the normal range through the normal range to above it) should be followed through 

At least five different technicians, preferably from the a- experimenterst 

d perform every measurement using a NASA ~f&.&lished bcPlnique in duplicate 
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or  triplicate tl-iioughout the period of storngc jn the a e k ~ s l  lai;-or-ztories :hnt they will ssi: 

for  post-flight analysis. In cases where returned s;rmplcs a r e  to be flo:vn to geog~ap:licafly 

separate sites for a ~ a l y s i s ,  this salne procedure s\io~i!ii be used fo r  etich determinatic~m 

during the pre-flight testing period. The entire processing procedure vhich will be ernp1o;red 

for  returned flight samples should he used for each determination during the pre-ilight 

testing period. 

4.7.5 PRE- AND POST-FLIGHT ESTABLISHMENT OF ASTRONAUT BASE-LIMES 

Any endeavor wllich i s  to have scientific mer i t  must have proper controls. Present protocols 

state thzt astronauts a r e  to be studied for baseline determinations for a period of 15 days 

before and 15 days following any given IAIBLiilS flight. This period may be  inadequate to 

determine baselines adequately. To achieve experimental objectives i t  may be nscessary 

to  study the crew for periods equal to the flight duration, both pre- and post-flight. The 

hour of the day measurements and sampling a r e  done is also extremely important. Most 

physiological parameters,  for example, follow a circadian cycle. Thus, a measurement 

and sampling schedule, like that used in-flight should be followed throughout the pre- and 

post-flight period. Rest, activity and eating schedules should also be identical. 

4.7.6 R&D REQUIREMENTS FOR MICROBIOLOGY AND IMMUNOLOGY 

Rigidly controlled, ground-based studies under simulated space flight conditions a r e  also 

essential to the successful implementation of the microbiological arid immunological phases 

of the IMBLMS program. Preparation for potentially dangerous o r  e-merging situations and 

~ e s  a r e  maximum extraction of data from the samples taken a r e  possible only if control stud' 

included by the experimental design a s  part  of the pre-flight routine, Adequate foreknowledge 

of the following a r e  needed: 

a. Effect of high oxygen tension ( 3 . 5  - 3.9 psia) 2nd reduced cabin pressure (5 psla) 
on the growth and maturation of bacteria and fungi. 

be Possible effects of alterations o r  shifts in the microbial wpu!ation over a GC-dxy 
flight on the well-hekg of the crew, ,3ithonch n fevi short  fcrl-,? .;t~~-';e; csf this 
type have been attempted, the zffzcts of longer conl?~lerr,ent t~gj.ei"cei with space- 



craft  atmosphere and pressure :ire r~nlinuirrn at  this time. Oi~vio~tslv, i n  o rder  to 
draw valid CO~CIUS~OIIS ,  3 p:lrnliej or. seq-rtentinl .;tudy of idelrticnl length, I~ut  .i,rth 
"normal" o r  everycing prcssuyc : r i d  nt1:1os3hcr.e IS uc.t.dcd. (h~!.: ~f the e?fr>cc.: o f  
these .c~:irizbles : I r e  firnil\- cst:rl.)iit;hcci c.?n elle ?fret t o f  7cr.o g~':tvlt!: I ) ?  stutlieci and 
useful conclusions clrnwn following the illiti'21 I;\iBL_\lS Right. 

c. Effect of possible therapeutic nleasines,  such :I:, "re-feeding" of n bactei-in1 species 
which n7as lost, o r  no longer cietect2ble durinq the course of the fliqht. r\~?other very 
very important nleasure i s  the effect of xn antibiotic regimen and the potential 
einergence of a ctrrig resistant species. 

d. Effect of the ~nt ibody profile of each individual 3s mecliated by the so-called 
antigenic -stimulus-deprivation. The actual aivlount of post- flight imn~uuological 
assays will be limited to the number o r  micro-titrations possible with approxi- 
mately 1 .0  1x11 of serunl/sample. Kuo\vledge of xntibociies may nr inay not be 
identifiable :vould greatly facilitate actual space flight analysis. Tt should he  
noted here  that although the ground studies using the actual crew members would 
be ideal, i t  i s  recognized that this lnay he impractical. EIowever, use of n tber  
members of the astronaitt population i s  preferable to non-astronaut subjects even 
though some couid be obtained with well-motivated volilnteers. 

e. The effectiveness of the projected training program for flight personnel can be 
studied. Unexpected difficulties o r  increased capabilities would be discovered 
and a t  the s ame  time actual flighthardware and techniques could be evaluated. 

f. Practice sessions with other IILIB1,AIS measurements would establish possible 
t ime overlaps or technical conflicts at  a stage when remedial action can sti l l  
be taken. 

Useful and reliable scientific data will be obtained only if the proper pound  controlled 

studies a r e  carried out. Biological entities, such a s  bacteria, fungi, and viruses a r e  

influenced, a s  is man, by many variables. Data obtained on these lnicroorganisnis will 

represent the sum total of their response to all  of these variables. Therefore, the known 

variables should be regulated a s  closely a s  possible in order  that intelligent conclusior~s 

and predictions can be obtained. 

It i s  recognized that such studies a r e  expensive to institute. ;\lore important, they a r e  

difficult and tedious to set-up and operate properly in t e rms  of suitable \!.ell-motivated 

''crew members" and thorough attention to details. If the term "scientific" i s  to be 

applied to I;\IELlIS, the necessity of doing controlled studies :ilust be recogrlized as  a 

vit-1 link in a SL~CCCSS~UI emenrnent  eharn. 



4 . 8  DATA QUALITY -- 
The philosophy rulcierlying the approach taken by  the General  Electric Con~pnnx; i s  that we 

must assure  that analvticat results will Held Ihc best data possible in terrns of physiological 

significance, accuracy, piecision, and sensitivity. The l-ced for good physiological data i s  

self-evident: extended sveight!essness may result in changes in the physiology of astronauts 

which may be deleterious either t c r n p ~ r a r i l ~ r  o r  permanently. Little information i s  available 

with regard to physiological changes which may talie place in the course of space flight. All 

that we know i s  the result  of before and after studies for the relatively short periods of the 

Gemini missions. 

Regardless of which measurements a r e  made on-board and which on the ground post-flight, 

each measureinent and each analysis should meet these criteria:  

a. Physiologically significant 

b. Accurate. 

c. Precise 

d. Sensitive * 

By physiological significance of a measurement, we menn that a measurement yields useful 

information regarding some specific physiological variable. The physiological significance 

of any given measurement is admittedly difficult to determine. Yet, the sampling of sub- 

jective opinions of a number of phj~siologists and clinicians has shown considerable agree- 

ment on the rank order  of importance of groups of measurements (see Tables 7-6 and 7-7 in  

the Final 3eport  on Collection and Preservation of Biological Specimens, Contract No. nTASW156 

and Tables 3-7, 3-8, 3-9. and 3-10 in the Phase B HLIBLMS Final Report). 

Accuracy is defined as the difference between a measured value and the t rue value of some 

variable. It is often very difficult to determine true valuee, however, and in clinical tes ts  

for blood, sweat, urine and feces,  i t  is frequently impossible. Determination of accuracy 

usually consists of comparing results using a given method with those obtained using a 

referenced method which i s  generally aceeptcd. When evzluating new methods, a tecnniqce 



sometimes employed is to add a known amotrut of the sthslance of interest to a test sample 

and determine how imuch i s  recovered. 

Precision i s  the varj3tion of results when a sample is mexsured over and over again; a 

synonym for precision is reproducibility. This i s  a major source of e r r o r  in doing the 

clinical tes ts  discussed in this report.  The precision noted on a number of tes t  procedures 

re fers  to  e r r o r  when the tes t  i s  repeated by the same person in the same laboratory within 

a short period of time. But when precision i s  measured between different people in different 

laboratories, the resul ts  may be so  bad that significant differences in test  values would be 

undetectable. 

Sensitivity i s  defined a s  the minimum quantity of a substance which can be detected by a given 

analytical method for that substance. Highly sensitive methods a r e ,  of course,  desirable. 

Substances which occur in very low concentrations require analytical methods of high sensi- 

tivity, but substances which a r e  found in high concentrations do not require highly sensitive 

techniques. It must be remembered, however, that the sensitivity of a method i s  a deter- 

mining factor in being able to distinguish between concentrations which vary only slightly. 

In most cases  of this kind, the precision of a method will be the final limiting factor unless 

sensitivity is very poor. 

Whether a measurement be  biological, physical o r  chemical in  nature, the three attributes 

of sensitivity, accuracy and precision a r e  necessary in  order  to obtain data of good quality. 

For  biological measurements, we must add the attribute of physiological significance. 

The last one, unfortunately, cannot be  quantified. The others,  though, for the most par t ,  

can be quantified in measurements which would be characterized a s  biochemical. The hema- 

tological measurements do not lend themselves to measures  of accuracy o r  sensitivity, 

although precisions of a rough order  of magnitude caln be calculated. The same is t rue  of 

cytological observations which a r e  expressed numerically a s  in karyotyping. Microbiology 

i s  sti l l  mcre  a r t  than science, and, although results can be expressed numerically, i t  i s  

extremely difficult to ohtajn measures  of accuracy and precision. In Immunology, w e  have 

the requisite of great  sensitivity but often lack those of accuracy and precision, Thus, f m m  



thC standpoint of the biologist, nlcasurenlcnt techniques ‘grid nlethoctology teave a gr est  deal 

to kc desired. This docs not mean that cverv effort  must not h e  made to {obtain precise. 

:lccarate data with i~lethods of high se:~sitivitv, but it (foes mean that we ofteri fall A o r t  of 

o u r  goal. Pr ior  to s ta r t  of work on Contrxct SFS'i5'-1562, a Study of the Collection and 

R.cservation of Rio!ogicaL Specimens During Space F!ighi ior Post-E light Xna!ysis, X ~ L S A  -- 
dekined, in response to our question, standard lnboratory accuracy as that which would in11 -- --- 
within the range of - -t-5:;. We have extended the 5% figure to also include the l imits of pre- 

ci9ion. These limits a r e  in keeping with conlnlon practice in all  good research laboratories. 

The  5% l imit i s  used because the data then fall within the 95% confidence level. 

A11hough the e~cpcriments to be performed during IRTl3LMS flights will have a small  nunher  

of subjects,  there will be enough data points, it is hoped, so that some statistical treatment 

of t f ~ c  data can be made. Thus lirilits a r e  required if this data i s  to be used with reliability 

a s  A basis fo r  decisions on whether o r  not man can withstand the r igors  of extended space 

flight. 

=e physical sciences, the National Bureau of Standards meets the needs for  supplying a 

s;)-,Sh?m of standards o r  lmown quantities that can be used for comparison. The success of 

o u r  missi le  and space program offers testimony to the accuracy of today's instruments. 

T h e r e  is no Nationa.1 Bureau of Standards for biological measurements. Instruments used in  

nltbcing biological measurements usually have greater precision and accuracy than the 
- 2 -11 

measurement  itself, because the accuracy of tes t  standards varies f rom - +1 x 10 to - +1 x 10  . 

It  i s  extresnely difficult to make reliable decisions from unreliable measurements although, 

in  Same cases ,  if our measurements a r e  not a s  precise and accurate a s  we would like them 

to be, we can still base reliable decisions on them, thanks to statistical methods. It must be 

remembered,  though, that statistics,  too, has limitations; statistics can be overused, and 

oRan is, to explain away data of very poor quality. There i s  an old saying, "Figures don't 

lit., hut l i a r s  figure". S'catistics has i t s  place, but with data of good quality, namely data 

ob'bjned f rom measurements vrlrich a r e  sensitive, precise and accurate, statistics then 

b e ~ ~ m e s  an aid in establishing ranges nnd deviations and :tssists greatly in interpretation of 

t k ~ "  data ,  and i s  riot used a s  a n-liitewasll for bat1 data. 
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In Appcntfis E i s  3 r e p r i n ~  of o paper,  A Scl.icr?ic for the Comp:~rison of Qunntit:itivc AIethods, 

which is reprinted by permission of i!~e copyright owner, The Willinnis and Wilkens Companv, 
g-P9 
Lfd from The L"\~~ericnr? JournaI of Clinic::! I%tli~l*;li;v. The reprint states ir; pnrt: "TNs scheme 

was developed a s  part  of the program of tllc St:lncl3rds Gomrnittee of thc College of iirnerican 

Pathologists in resnonse to the need for  a statistical -nethod bv which new diagnostic p r ~ d u c t s  

could be evaluated. It was found to be so  satisfactory for this pnrpose that i t  was prescntcd 

in 3 form which permits a more general application. Although the discussion and examples 

a r e  chosen to reflect a clinicai laboratory orientation, the scheme is equally applicable to 

many non-clinical types of quantitative analysis. In brief, the scheme uses a number of 

simple statistical tools by means of which a quantitative method of analysis (test method) can 

be  evaluated in a single laboratory by comparison with a reference method. The reference 

method may be the one csrrent ly employed in the laboratory o r  a different one thought to be 

more suitable. . . . " 

Although this paper certainly uses  statistics which a r e  simple in nature, i t  is a very definite 

step in the right direction. For  the preliminary laboratory verification test  p lms ,  the pro- 

cedure specified in this paper would suffice a s  a f i r s t  step, In addition, we recommend that 

double-blind studies also be used to ascertain the efficacy of a given analjitical procedure. 

The double-blind procedure was instituted some years ago for the purpose of clinically testing 

new drugs. The method is quite simple: medication is dispensed to some patients and 

placebos to others. The patients, of course,  do not know what they a r e  receiving and neither 

does the physician administering the medication. All such drug t r ia l s  use doseages which 

a r e  coded and known to a third party. Only after the results a r e  in is the dispensing physician 

advised of the identity of the compounds administered to the patients involved. 

Double-blind studies can be used for  laboratory test  verification of clinical laboratory pro- 

cedures by using quantities of serum o r  urine which have been pooled. Aliquots can be sent 

to  several laboratories for testing while the reference laboratory runs the analysis o r  aralyses 

in question on the original pool of se rum o r  urine. As an  added check, known quantities of a 

given substance can be added to the serum o r  urine to insure that the range or a,mount of the 



substsnce i r ~  cluestiotl i s  well outside of t h ~ ,  considt1rt.d normal. i lnniyseh for mxny com- 

pounds can :dso he t e ~ t e d  in this krshion 1, cinxply disolvjng ssol~d,!c. con~rtounrls i?l water o r  

an aclueous solution of po l~vin~l~~j~ro l ic lor le  , mcil has beel? rcco~ilnlendeci by a rrurnher. of 

clinical chcnlists for actd;tion to tilater b l ~  -,s in order to ;imul:itc illore of thc physical 

properties of blood. By using a combinatl: .I of acydeous solutions, pool ed serurn which has 

been checked in a reference laboratory by t least two methods for a given substcrnce, plus 

aliquots of pooled serum to which has beer. :dded a known amount of the s ~ d ~ s t a n c e  in  question, 

the accuracy, precision and sensitivity of : ~ y  given biochemical tcchniclue can be determined. 

The techniques used in each of the particil; .,ting laboratories should be (a) the method under 

test; @) the reference method used by the Iaboratory conducting the verification; (c) another 

method used in a particular laboratory wh: -11 rnay o r  may not be the same m e t h ~ d  used by one 

o r  more of the other participating laborati_.:ies. The samples shoudd be coded, as shodd the 

resul ts  obtained from each of the techniques used in  each of the laboratories involved. After 

statistical treatment of the data is completed, the source of the data, sample content, and 

technique name can be identified for inter-:;lethod comparisons. 

The resul ts  from such a double-blind stud\- can then be treated statistically to determine the 

accuracy and precision of methods when run  by one operator o r  more than one operator. 

Thus a measure of inter- and intra-operat~xr e r r o r  i s  also obtained and statistical treatment 

of the resul ts  can be done to obtain a good :neasure of precision. 

If a more sophisticated statistical treatment is desired then that shown in  the paper con- 

tained in  Appendix E,  methods such a s  leas t  means squares o r  regression analyses can be 

used. For that matter,  it would be well to do, both by study and laboratory work, a deter-. 

mination of just what degree and amount of statistical treatment is required in  order  to 

thoroughly verify each and every biochemical technique. 

Hematological procedures do not lend theniselves to measures of accuracy. Elowever, an 

index o r  measure of precision can be obtairled not only for the method but also a s  a reference 

point for the intra- and inter-technician v ~ r i a t i o n  in performing a given procedure upon a 

given sample of blood. 



Since the s:~niplc.s which wili he rciturnc.d for  nori-clu:u~tit:lti~c' i ~ ~ c ~ : t s u r c \ ~ t i r ~ t ~ t s  wi l l  I,c> ;nnst ly 

in the form of slides,  i t  would be well for those tt~cl~nici:~!ls who \till IIC pcr l 'ornlb~g t l t t ; ,~  

determiilations post-flight to have this measure  dctermincd so th'xt post-flight d:it,t 111ny lie 

properly evaluated. 

Microbiologica! data does not easily lend itself to precision and accuracy measures.  The 

stumbling block here,  i s  that there is yet no known way to obtain from the same site success- 

ive samples which a r e  identical in nature. Immunological procedures can be quantified to 

an extent, but the state-of-the-art is not yet advsnced enough to allow us to place the desired 

amount of s t r e s s  on precision and accuracy, but rather we must accept the sensitivity along 

with some measure of precision a s  the best available at this time. 

A point which must be made concerning data quality is that whether the method of analjrsis be 

categorized a s  macro, micro, o r  ultramicro, a e r r o r  which can be intrcduced is in 

the aliquoting of the sample used for  any given analysis. For macro tests ,  using one cc of 

sample, an e r r o r  of 0.05 c c  will cause an e r r o r  of some 5% (assuming all other factors a r e  

equal). However, when we go to the ultramicro range, which uses samples measured in 

microliters,  an e r r o r  of 0.025 cc in a sample requiring 0.05 cc causes an e r r o r  of 50%. 

Thus, one of the major considerations of data quality i s  the sample size used for any specific 

measurement, and this in turn is dependent not only upon the design of suitable equipment 

and expendables, but also upon operator skill and motivation. 

It is evident, therefore, that a very carefully planned program of measurement selection, 

technique development, astronaut trairing, and motivation of astronauts is required if data 

of the best  quality is to  be obtained from the IMBLMS measurements. , a 



SECTION 5 

BEHATnOi iAi  AIEP,STJiEhlENTS 

5.1 SUMhIARY 

In the process  of conlpleting 'he preliminary survey of available procedures and instrurnen- 

tation for the measiwement of behauior, it ~ 7 a s  established that: 

a, No single instrumental o r  procedural approach currently exists, which 
could provide quantitative information on a continuous basis regarding ' 
modifications in baseline behavioral status. 

b. No formal methodology has been established for the identification of 
specific behavioral parameters  that should 'he emsidered for measurement 
in  the unique circumstances in cjuestion namely, s'The assessment of a carefully 
selected, highly trained astronaut's behavior during orbital operations." 

c. There  exists a huge plethora of generically similar measurement a reas  vr7ith 
an equally enormous selection of measurement approaches, each of which 
has  its unique following that decries all other approaches. 

k> 

d. There  a r e  only a limited number of experimenters who have consistantly 
utilized a fairly formal technique and instrumental approach in situations 
wherein the data generated was directly applicable to space operations 
or where the possibility of transposability or extrapolation to  orbital 
operations was feasible. Unfortunately, most of the techniques developed 
required extensive manhour expenditures, relatively large volu-metric, mass,  
power o r  expendable material  loads, or  while adequate for providing an 
index of a unique behavioral function, did not have the fie-xibility or  breadth 
of application required for the IMBLMS multi flight, multi vehicle approach. 

e. Many of the current operational approaches using "artificial" operations or  
procedures, extensive straight fonvard psychiatric analysis, the administration 
of extensive (single administration) questionaires o r  the evaluation of outputs 
&om performance in inadequate o r  inappropriate simulational situations was 
met  with great  resistance and in some cases  overt rejection on the part  of 
the individuals under measurement. 

As a resul t  of the  preceding the General Electric Company implemented, a "tops down - 

multi thread analysisq' to identify, t race and substantiate areas of behavioral rneasurear~ent 

a s  a function of: 
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a, The possibility that s tressors or  oi31e.t- effectors i h c r e n t  in the physical 
aiid operatiorial surroundings of orbital operaxions could reasonabiy be 
e-xpected to alter the behavioral mode selee-tecl, 

b. The sensitivity or  criticality of the behavioral T:astwe selected was of such 
critical import to program or survival success lhat monitori~lg its statias 
during early prolonged orbital residence was deemed manditory if  for no 
other reason than to demonstrate its stability. 

The list of behavioral characteristics to be measured was then analyzed in order to 

develop techniques and instrurnentational approaches that could be utilized to  provide 

reliable and quantitatively expressed data while meeting as closely a s  possible all 

of the constraints imposed by potential inclusion in an orbital spacecraft cabin. 

The work described provided the following: 

a. A series  of selected behavioral measurement areas. 

b. An organization of these measurement areas under the generic headings 
supplied by NASA for guidance to  demonstrate the potential coverage and 
cross correlational possibilities provided by the selected measurements. 

c. A listing of recommended measurement/instrumentation/techniques 
utilized for gaining the selected measures. This listing also identifies 
the area which will have the prime responsibility for providing the hardware 
for tile measure a s  well as  a demonstration of the high degree of cross 
correlatiou, or multiple application of the measttrement techniques finally 
selected for inclusion. \ 

Each of the selected measures decided upon is described in detail in respect to its formal 

program related Definition, Rationale for inclusion, Utility of derived data, Measurement 

techniques available in IMBLMS and general commentary as indicated. This Description 

and Details a re  discussed in the remainder of Section 5.0. 



5.2 SELECTIOK GUIDELINES 

5.2.1 INTRODUCTION 

In an effort to d e l j n ~ a t e  meaningful and justifiable r?casc;rernents of hiinlan behavior ic  an 

orbiting spacecraft, GE implemented an eldensive l i t e ra twe search and conducted a serxes 

of discussions with several  individuals in industry and Government who had made meaningful 

contributions to  the area. In correspondence horn John W. Senders, cwreiit ly associated 

with MIT; Brandies University; Bolt, Barenik and Newman; and others, Xlr. Senders 

summarized part  of the problem most succinctly. His Statement Follows: 

"The major problem which ar i ses  with respect t o  manifestations of elnotional 
disturbance, character o r  personality change i s  that the measuring instruments 
available for these a r e  weak and generally unreliable and difficult t o  vn!idate. 
I, personally, kno~v of no paper and pencil or other easily transportable tes ts  
from which it can be  said that prediction can be made with good statistical 
accuracy and little residual variance on the basis  of tes t  results. In addition, 
most of the instruments used a r e  not designed to  test  minor deviations from 
what might almost be called hypernormals but rather  to detect extreme 
deviations from population norms.'$ 

In addition to  this lack of availability and/or sensitivity of emotional measures the problem 

that s o  many differing procedures have been used, each in such a highly restr ic ted 

circurnsta~lce that very frequently there is little or no basis  to  transfer or  to extrapolate 

material  to the spaceborne reference. To a very large d e p e e ,  in those a reas  of 

psychological/behavioral/performance measurement where quantification has occurred, 

the instrumentation o r  operational procedure utilized is inappropriate for utilization in the 

constraints of a spacecraft. 

The General Electric effort consisted of a "tops-down analysis". This concept, which will 

be explained in detail la ter ,  is based on the assumption that the behavioral aspects of 

interest would be directly related to  possible modification by residence in the orbital 

spacecraft o r  by their  innate criticality to successful high level human phychomotor o r  

/ cognitive performance. 



The IbIBLllfS Program is directed at providing f i e  instrumentation and operational proceci~rree 

necessary for the measurenlent of hu~nan bci-:ivlor on-board orbrting spacecrcit. In order  

that this n ~ i y  be accomplisflcd, rt is ..ssentlai that thoye areas  of hur:l:ln behavior. requiring 

measurement in the sp~.secraft  environment be ideiitiii~d. As a result ,  an attempt was 

made to  delineate and organize a reas  of s t ress  or unique conctitions that were directly 

identified with the environment assumed to  be present in an orbiting spacecraft. Five 

basic generic a reas  were identified. These conditions provided the point of departure. 

After extensive analysis, consultation and review of all pertinent materials, six basic 

criteria were developed against which the inclusion of any given measure could be assessed. 

Measuremer~ts of man's behavior in the space environment must be  accomplished in order  to: 

a. Identify and develop quantitative measures which describe manifestations of 
human behavior in  the space environment. 

b. Identify and quantify trends towards modification of human behavior which could 
compromise either mission-related performance or survival. 

c. Develop measures and techniques which woldd permit the correlation of 
behavioral modification to  etiologies manifest in the space environment. 

d. Establish quantitative l imits of acceptable hu-;man performance. 

e. Develop techniques that would p e r - d t  prognostic decisions regarding 
probability ra tes  ot development and the associated inlplications of observed 
behavioral change to  mission or survival crit ical activities. 

f. Provide a quantitative basis  for evaluating and establishing desirable 
behavioral characteristics for future crew selection and training criteria. 

This analysis assumes a worst-case. An attempt was made to  pin-point and identify all 

possible parameters  in orbit that were potentially capable of modifying human behavior. 

No assumptions were made a s  to  whether the modificaticns were  beneficial or  degrading. 

This is not meant to  imply that the authors anticipated the manifestation of these changes in 

every instance, but rather  that they felt it necessary to insure the fullest possible 

description of the area under zcrutiny in order to  guarantee the most flexible md complete 

measurement capabilities possible with the maximunl instr i i r~ental  eecnorny. 
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5.2.3, APPROACH 

The IMBLitlS Program 1s dedicated to providing a complete and flesible measu~ement 

capability in the behavlcral area. Any attempi to instrumen"t1i potential m~ssu reme i~ t s  

and al l  potential ;r strumentation corrlmonly availabk: to the pound-bnsect edupcrimentnl 

was comgletely beyond feasibility. 

The approach utilized for the pres'ent study based its measurement selection on the fol'laiving: 

a. Measurements should be taken on those parameters  of human behavior which could 
be  reasonably assumed to be subject to modification by the unique characteristics 
present in the orbiting spacecraft. 

b. Measurements should be taken of those crit ical human behavioral characteristics 
which, while currently assumed to be stable, could if moderately deteriorated, 
compromise the crew's  safety o r  performance potential. 

c .  All measurement a r eas  selected for inclusion should be capable of being measured 
and expressed in t e r m s  of quantifiable values with instrumentation and procedures 
.which could be  reasonably assumed t o  be feasible for the circa 1971 state-of-the-art. 

d. All measurement practices selected will be  capable of being s o  configured a s  to 
permit  their repeated application during the mission in order that data may be 
developed describing the ra tes  of on-set o r  pin-point the appearance of specific 
phenomena a s  a function of elapsed orbital residence time. 

Finalized harchvare design configurations and operational procedures for behavioral 

measurements, while possessing a capability for simultaneous implementation with other 

measures,  will have enough instrumentational independence t o  permit  their exclusion and/ 

or replacement with new measures  without compromise t o  the r e s t  of the modularized 

system. 

5.2.2.1 Developmental Program 

The following developmental program was instituted and implemented (see Figure 5.2-1). 



PHASE I PHASE I1 PHASE 111 PHASE IV 

MISSION OPERATIONS 
VEI-fICLE AND 

ENVIRONMENTAL 

EQUIPMENT CONSTRAINTS 
CHARACTERISTICS 

SPACE ENVIRONMENT I 

POT EhTIAL 
BEHAVIORAL 
MODIFIERS 

PRESENT 

SPECIFIC 
STRESSORS 

\ 

PHASE V PHASE VI PHASE VII 

BEHAVIORAL SPECIFIC SPECIFTC MEASUREMENT - 
IMPLICATIONS BEHAVIORAL PROCEDURES/TECI-II<IG)TJES 

MANIFESTATION 

PHASE VITI 

SELECTED 
INSTRUMENTATION 

Figure 5.2-1. Developmental Program 



&3 -- Phase I <&- 
Three pr imary areas  of the spacecraft cotltribute to  the potential modification of huir;an 

p e r f o r n ~ a ~ c e .  'The ihree a reas  were: 

a. Mission operations 

b. Vehicle and equipment constraints 

c. The space environment 

These three  a reas  dictated the environmental surround, and provided the basis for Phase I1 

of the analysis. 

Phase I1 

In Phase 11, the three areas  were  separated into six characteristics of the orbital spacecraft 

environment capable of inducing behavioral modifications a s  a function of a specific unique 

s t ressor  circumstance. The s ix  characteristics were: 

a. Prolonged residence in a multi-manned closed ecological system 

b. Residence in a high hazard environment 

c. Weightlessness 

d. A 24 hour/7 day work profile (extended continuous operations) - 
e. High notoriety 

f. Mission Operations 

1 In the following andysis ,  I tems 1 through 5 were considered independent1.y in respect to  

their impacts on behavior. I tem 6, while possessing an unquestionable effect on h u n m  

performance, is at present insufficiantly defined for inclusion in the current effort. As 

soon a s  identification is available, this  characteristics will also be developed. 



Phase III 

During Phase 111 (see Tables 5.2-1 through 5.2-5) each of the five basic characteristics 

were independently xalyzed for the "Potentid Behaviurd &IodiEerst1 assu.med to be 

present a s  a function of the characteristics in question. 

Phase IV 

The potential behavioral modifiers were in turn examined in order to delineate the 

"associated latent stressors" identified as contributing to the behavioral modification. 

Phase V 

Each of the latent s tressors then were examined in order that the "Behavioral Hmplicaticns" 

of each could be identified and evaluated. 

Phase VI 

These implications were converted into "Specific Behavioral Manifestations" +?hat could 

initiate or  sustain inadequate or inappropriate behavior. 

Phase VII 

During Phase VII, "specific measurement procedures/techniquesP' were delineated which 

would provide reliable, quantifiable and pertinent data regarding the presence, development 

and general status of those behavioral modifications or  manifestations. The m e a s ~ ~ e m e f i t  

procedures and techniques were evaluated in respect to: 

a. Their feasibility for space flight implementation 

b. The quality and quantity and pertinence of the data they produced 

c. Their flexibility in application in respect to  the possible cross correlation of 
collected d2,ta, and finally 

d. Their capability to insure coverage and assessment of those areas of human 
performance where deterioration nzight conlprornise crew safety or mission 
k c t i o n ,  



Changes lo Intra-Gwp Behavlor Loss Or  hlodiflutfoa La C- 
Cohesiveness 

Changes In Mission-Related Motivation Levels 
Increased Overt Mrnilwt 

Changes In Manifest Anxlety hiodification in Ernotlwd 
Forced Celibacy 

hlodlfication in Irritabll&tp 

Changes In Arousal Levels/Time 

Changes In h<otivational Direction Modification in Misslon-kla 
Activation Level 

nology, Duration) Changes In Fatigue Levels 
Redirection of Atlivatlon ( 

Increased Reliance On Persona Secondary I'hysiolo~ical, Re- 
and Group Skills havioral Indications of A ~ u r l  

Possiblc Changes In System 

Changes In Conlmand Struclirr 

Prolonged Residfore in Altered Circadian Stimulus Slahilit?. Or C'onfigurat~on 

A hlulti-Manned Closed Environment 
Ecological Syslma 

Modifications In Work And/or 
Limited Crew Size Cognitive Pcdormancc 

Operational Schedule Dictating Effectiveness 

a. Personal Contacts Rather Changes In Circadian R r s m  

b. Personal Selection 
Modification Or  Overall G m s  
Psychomotor Potential 

lated Concomitants (.4rousal. E 

Changes In VigilanceiArousal 
Levels And Chronologicd Pro- 

Changes In Intra-Group Behavior 

hloclifications In Gross Motor Performance 
Limited Gross hlovement 

Limited Work And Storage 

mena As: Appetite, Digestion, Metabolism. . 
Excretory Function, Etc. 

Continued ECS Operation 



Table 5.2- 1. Potential Behavioral 
Modifier Matr ix  

I Poaaible Overt  Rehar iora l  
Mardeshtionr, 

Behavioral Par,rrie:i:r; 
SeiecLrtl I'or ?il?:1~11rti1!f'fi: I 

I L o s s  O r  ModiEicatlon In Group 
Cohesiveness 

I Increased Over t  Manifest 
Aggression 

(1) Croup Cohesiveness 

(2) Personali ty SLRbility 

(3) Emotional Ad)ustnient/I.abiiii~- 

Modification in hlission-Related 
Activation Level 

Modification in Emotional 
Lability 

Modification in Irri tabil i ty 
Thresholds 

Redirection of Activation Ohjec- 
tives 

(4) Activation - Lrvcl & Direction 

(5) Gross  Psychomotor P e r f o n n m c e  

(6) G r o s s  Assessment Of Circndian Consunc:.. 

Secondary Physiological/Be- 
havioral Indications of Anxiety 
Responses 

I Changes In Con~mand Structure 
Stability O r  Cor6iguration 

Modifications In Work And/or 
Cognitive Per formance  
Effectiveness 

Changes In Circadian Response 
Profiles I 
Modification O r  Overall  G r o s s  
Psychomotor Potential 

(7) Anxiety Levels & \.lodes of hfanifestatioir 

(8) Inter-Personal Relationships 
(I. E., Conimand Structure,  Culn~nunic:l!iul 
Routes O r  Xlodcs, Work Effectiveness, E tc ,  

I hlodified hfetabolism And  orr re-1 
lated Concomltanfs (.Arousal, E tc . )  

I 

(9) h leasuren~enr  Of Vigilance!,Irousal Profilrs  

(10) hleasurement Of Cognitive Functi?n 

I Changes In Vigilance/Arousal / I 
Levels 
f i le Of 

And Chronological 
Same 

Pro-  

l e c l m i q i ~ c ~  

Self-.\i:rili : jstcred (Juc*sii(~~inxlre ( 1 ,  I ,  :!, 4, 7) 

Hernote Intervie* ( 1 ,  2 ,  3, .1, 7 ,  10) 

irrtra-Crc\v Cummunicatiori Xlunilor (1, 2 ,  :i, -1, ti, 7, 9, 10) 

Remote Performance I\Ionitor (1, 2 ,  3, -1, 5 ,  6 ,  7, 3) 

b. l 'elernctry XXatcrial Regarding 
Co~l t ro l  Inputs To Complex T a s k s  

Pliotometric Data Collection Of 
Pcr forn ix icc  Of G r o s s  hlotor Tasks  (5) 

i\linlysis Of lJersonal Diary, Flight (1, 2 ,  3, 4, 6, 7, 10) 
Lug, z\rinutated Flight Time-Line, 
Formal l'ost-Flight Debriefing 

Fornial I I m s u r e s  Of Physiological (ti, 7 ,  9) 
C o r r e l i t e s  Of Anxiety 

a. 17 Kctosteroids 

b. Eosinophiles 

c. Sleep Profiles 

d. Suea t  

e. Body Tempera ture  

f. Heart  Rates 

g. Respiratory Rates & Volumes 

h. J Ie tabol i sn~ 

i. Blood P r e s s u r e  

j. Body Weight 

k. Hand Steadiness 

hfeasures Of Arousal Via (4, 6, 7) 

a. EEG 

b. V i ~ l a n c e  T e s t  Procedures 

c. Eye hlovement 3Ionitor/Dlink Rate 

Short  & Long T e r m  Memory Assessment  I 



Potential Dehanoral h!od~f~ers 
Assumed to be P r e s e n t  - 

Survival Threatenlng Cond~tlons 
In the Space Surmund 

b. Radiation 

c.  Temperature 

d. Micrometeorite Impact 

e. Acceleration 

f. Dangers iictendmg Orbltal Reentry 
through the Atmosphere 

g. HO~ti le  Action 

h. ECS System Failure 

i. Biomedical Failure with no Professiowl 
facili ty o r  Aid 

j. Post-Landiog Remvery 

k. Isolation 

Exotic Contamination 

Effect of Psychiatric fa i lure  of One 
Crew hfember on Remainiw Crewmen 

Pr imary Effect8 of Weightlessneaa on 
Performance 

Secondary Effects of iVelghtleesness on 
Physiology 

hfechanical On-Orbit Failure 

Launch Failure 

P res su re  Suits Failure 

Absence of Circad~an Stimuli 

Abmrmal Atmosphere Arllflcally 
alalntalned 

hazardous hIissi,.- n ~ e r a t i o n s  

h s i e t y  Wegardlng P o t ~ l t i a l  Physical 
o r  Psyrhiatric Injury,'&ath 

Anxiety Due to Possible Xlissiun Failurr 
Due to Disablement 

Possible &gradation o r  f m s s  of a 
Psychomotor, Paychosenaory, Co,pitivc 
o r  Surviv!.l Critical Function IXe UI 

Direct Eqwaxre to a Strcssor 

Loss o r  Degradation of a 4~-,> r 

Motor, Cogmt~re  o r  St,.\ 'a  
Crlltcal Fu~~ct lon 1)) Illre-t 1 
of a S t ~ e s s u r  oi hy E t  r o ~ i h i  i 

Efiects Ikveloped bv Pro!.~rr 
Fxpxmre to I1,.;n Le\e! tint.' 

M d i i ~ c a t l o ~ i  111 Ernotlurw: 
and Persoual~t)  Base!ines 



Table 5.2-2. Potential Behavioral 
M d i f i e r  hfatrix 

Possible Ovcrt  Dr:havioral > l ~ ; i . f c  .;taliiin? 

Changes in Psychosensory,  Psychomotor 
o r  Cognitive Functions 

111creased hlanifest Anxiety 

S t r e s s  Induced hIod1ficatione 
in I'hysiology 

Loss  of One o r  hlorc Xlission Critical 
Functions Due to  Direct Injury Imposed 
by Contact with a Hazard 

Altered Emotional o r  P e r s o m l i t y  
Structure 

Changes in Levels and Direction of 
Motivation with Grea ter  Emphasis on 
Ssfety/Survival 

Challenge to Command o r  Visfilnn - Protocol in the ln ip lcmenta t io~~ of High 
Hazard T a s k s  

IliThsi-,oral Piran1i.tel.s 
S~~li~crr~c! :< r 5 ! ,  J*~irfl . l i~i ,- l  ---- 

- 
( 1 )  E ~ ~ ~ o t l o n n l  5tnoil:ti 

( 2 )  Pvrsonnlity Stability 

( 3 )  .-inxl~ty Levels and .\lradi>s c f  
h i s n ~ i e s l a t i o ~ u  

(4 )  Ahsolute hlcasurea cI Srlec.t*d: 

- Sensory Function 

- Motor ihnc t ion  

- Cognitive Function 

(5) Activation Levels and Direction 

(6)  Group Cohesiveness 

(7) Stability of Command and 
Communication Funct~oris 

(8) Modification in Task  Perfornlancc 
Potential 

' l c t  hrl 4 i t - 8  -. -- 

Ir~Lervtew Via TV-Audio Link ( 1 , 2 , 3 , 5 , 6 , 7 )  

3. PCI.I(,IWI n i a r ~ e s  

1,. Self-Administered m e s t i o n n a i r e  

Quick Tlme and Post-Flight Analysis ( I , ? ,  7.5, C) 
uf Cwtent ,  Routes, Etc. of C r e n  
inter-  C'ornmunicnt!on 

b. Auditory F u n c t ~ o n  ' 
c. Ves t i tu la r  Function 

I .  See h'eurological 

d. Proprioceptive/Kinesthetic 

e. Neuromuscular Integrity 

1. Strength 

2 .  Endurance 

:I. R e n c t ~ o n  Tlme 

f. Arousal 

g. Cognitive Function 

1. ChIemory 

2 .  Decision hlaking/Pmblem Solving ( S y n b l i c  Reasoning) 

3 .  Arithrnatic 

T a s k i T ~ m e - L i n e  Analysis ( 1 . 3 . 5 . 8 )  





Table 5.2-3, Potential C;eh:lt7iol*al 
nl1.odifiier hIatr..ix 

:nlhil:ty 10 \1alnt31n "celrnf ?rtrn4at10n 
ir 3 ~ t l . l  Relillnns'ilp r i l l  (:,:erls o r  
rlcltines ir. the sbrruuca in the i b a o i i  
of M q u n e  v3au;il CUR 

xodlflcatlon. la  the  E l s w r d  T I n e  Reqblrrd 
m ~ c m r n p l t o h  T x s b  in Camparleon w t h  l -C 
surmurd 

Mcdlficdtlana lo the ArnplIMd and Duranao 
of F o r e  Eml#ston Rcqulmmentll to 
Aecompllsh u'o* 51.y Cauae msalble  
Chmag=s la  

e. Raaplmtory Adegwey Under Lold 

.. W n t l ,  Drive. (Foal  d Water 
pwnnua and Scbcduleo af IqsaU~an)  

ALtsrad A-rl Ltvcls Due to Ru.lcla 
Deelloc* 1. Caubollc Aetl\<Uc. and tba 
C o m l a t e d  Y c h b l l c  C o n m m t u c u  aa well 
u AlLer*d Nature uld hbaenca of Clrcn4lm 
Stlmull 

d. i)e\t.loolaq Prarrtiurpr for  Allgnlcg ~ r d  
S:n';lll:log 5oR F --.tjle S ~ ~ r r r t  Gear In 
Sale and t\'cncflonal r l ! e  

Crew \!embci8Wlll be Able to S!oic 'Tb,raiiph 
a ~br te- l f l r , snsrannl  i o l ~ m e  lo e 1 - D  s t n l r i i  
i l n c  Approech Rl ther  Then Almg I Finds ?'-o- 
3 1 ~ v c s ! m n l  PIPw. TNs C ~ p a l ~ l l l t y  w z v  o r  Mrv 
W t  R e q i r e  S p c i C c  1ocIuic:n of \ l ~ b l l ! ~  .Aids 

C r e v  Ysmbara Msy be S.b!ecfed 0) ' T e r n p r a r u r e  
M a r a r n f ~ n "  ii Fo;rd  Dr-R D a d  Spaces nre 
PTsaeot. T N s  Could l m p i r  4 m w r l  nodjur 
r r n e r a l  R r l u r m s a c e  

7be Abillty Lo \flnlplla* tso Cmrml F r m  
CbJaN M.y be Furtho: M s n + e d  aua to <be 
Fact That Nom.1 For;. Ernlaaton Durl ie  Work 
on Rae i%Jeeo la Related to rrro%eek 
Regarding t k  Weight of, o i  v.c t ioml  Real.- 
Pncs Of, the Itern Affereol l%m.lloo n l I  
Na be Pmvided In Term. of Addmoo, 

XMM of  SuWnad Pores B CompsraaU 
bl Weight or Onvi la t iool l  Annmi-. 
C6- r l l l  be Moved v h  1.1myulslrs 
A c o l s r U t a w  a d  areoleradonr  

phjria1o@c M~nnu;ee (I .  8. 10, 1 8  

I .  Heart R.ts 

b. " I d  R F s s i ; r r  

i. ai;r TempeTstur+ 

d. Reeplratory Rate end \olume 

8. U P u t a i l c  Rdtea 

f. EEC 

m i - i l l g h f  N e p r t o r l s l  Acllsal* (3. 9. 121 

2. Cwr.tlars cootml  Outpit. Sawed lod 
Siored for Telemetry O u t p l a  nod G m w d  
Amlpi .  (If Fci#tbls) 

~ l t l l u t i o r ,  of  tho GE 3-Densollonal CLsp!.cernant 
(2. 10, 11. 12) A i u l y n ~ a  lo Cnrr m Provide Ttna. 
Rlta lad S-Mm-Ion*) Movement 
Amlyaes foe 

1. ~ e c u p c y  to Rsleh s-am-lorn1 Coonfio\ta 

b. EM-. la  T e r m  at  m t  Devlltfoa 
from stmlgbt UDI Rth  

e. E r m t  Enlullion (Over or U d o r  Sbrm, Ete.) 

d. El'ped Ttme 

nud Dgci.mom&q d i o r  EXG (for T o o w  M s u u m )  
(1. 8. 4, 5, 6.  71 

A sari* of con.I.ct va1""a Stlrrrll 3,,bsras) I:. 3. 4. 
5. 4 .  9. 11) uf V.r)l-4 .i I I u r . o r o  U . a s n  -111 Do 
C o m p r s d  - m d  h u  vl l l  k st:& lor Rrm,ery 

TV or Pla?~la?gr~nefic Ilonltofing hiring the Il*wlllng 
of K m  mce '.laeaee lad V o l m a .  Ara1j.i. o l  
RCI.Ilve Pffarnrsnses. Error-ftee P c r f o m r ? c e  .od 
W o r t  E n v ~ l o v  *Ill ba Glllncd. Datalled Anllg%ta f o r  
GO1Ier.I Eye/Hmd a n s n t y  d l  be Ceuelooetj lo 
H o o l t o r t ~  Selected O p n t i o o l l  Tn& iard C o m p r l n g  
% r f o r r n . n ~ .  with 1-0 Brusllosa. 

mrsct R u l  Tim. E-lumon via Vlausl and/or TV 
Momor I 
O(oI1lh T a t  Pr-m pw Neurolo@call (2. 7. 9, 10, 12) I 

b. M s u u n e  of A b o l u b  B r l g h f 0 ~ 1  Serultivily 

c. Matioures of Dark A d a w n o o  %nlcs 

d. M w u r e l  of Phor lss  

e. u.uurr. of Color s a a l n \ l h  I 
I. Ueuurrs of  Threshold for the Deteraan 01 \ Iwen>cnt  I 
r. r le lsvremantr  of Ere \tovenisnl (see Uoll lh  Tee1 

In Nrirolag(cr1I 

Re.lctiW T l m s  \Le*.urenient iS1mo1c sad co~ilnlcx 
(1. 2. 3, 4, 7. 11) Icr V i e d  and Audltorr Sttrnulun or. 
If Avalllble. a R u c t i a n  Ttme Teat -red a R u l  LIinstoo 
Relatad operanow 

T%=-Mmmeloiul Vrri-1 n i r ru i r  or  C o m p n a ~ r o r y  
11, 2, 3, 4, 7 ,  111 Trecktng Di#~l=, .  P.b)~ct xt!l be 
R d r d  :a r-rinr-n r o d e ;  Tln e \tress c h - T r r p  i i m z  
m d  a h r  Error Scnrea wII1 Pa lE.oiied 

I 
Complex Ar!iIm;lttlc o r  ' Itemerr Trek Mrhaalv Cauolpd 
(1. 3, i, i31 to ilrnlsnce Tea' Pr'cra- *!it be l n s i t t u f d  
m E * r l u t e  Leie ls  of Ferformsicr  lo i u n l t l i c  kraas 
u Funezlco n f f l m e  a t  Teak w e l l  as $4 i s o b i i a h  
Lenal* of fiocncn L S p c l n c  1 I",* 



Environmental 
Characterist ics r Potential t ' e b d ~ i o r a l  Xodifiers 

Assumed ?o be Present  

Altered Circadian Rhythms 

Continuous Forced Social Interaction 

hlonotony/Boredom 

in ter ference  5%-ith Off-Duty Personnel 
in Respect t o  Privacy, Rest, and 
Recreation 

Limited Release  o r  Recreational 
Potentials 

Survival Dependency Based on 
Continuous Optimal Perfornlance 
Roth Physical  and Cognitive 

Associated Latent S t ressors  

Changes in Chronological Coordination 
of 'Arwsal  Level Present  and Arousal 
Level Required for Task  Completion 
During Pre-Adaptation Phases  of 
Mission 

Personali ty ConUict Between 
Individuals Due t o  Forced 
Interactions 

Il ission Oriented Activation may be 
Altered due t o  Lack of lmn~edia te  
Results of Boredom 

Blission Oriented Behavior may b e  
Altered Due to Cumulative Fatigue 

Cumulative S r e s s o r  Effects U'ithout 
Adequate Release.Mechanisms increase  
lrr l tabil i ty and lnter-Personal Conflict 
a s  Well a s  Mission Oriented Activation 

Increased Manifest Anxiety Dtie t o  
Recognition of Own Actirational 
Difficulties o r  Xoticing Similar 
Tendencies in Others 

Potential Behavioral Implications 

Changes in lnter-Group Behavior 

Changes in Mission-Related 
Activation Levels 

Changes in Manifest Anxiety 

Changes in Arousal Level Chronology 

Changes in Croup Cohesiveness 

Changes in Fatigue Levels 

Changes in Emotiona1:Perst~nality 
Adjustments 

P 

I'r,ss~hlc. - - .. . . . - - 
Iluman 11, 
>lay Srrifc 
Retxcrn ( 
and AI-WJ~ 

I k l r r ~ i r r a  

Ik l r r tnrn  

l k ~ t c r ~ r t r : ~  
Qti;~n:tt:~t~ 
>l l ss r~~r :  i 

i'hcslcal : 

1kvciqrt.r: 
of Stress 

Incrc:~?;~. I 

Serc~ndnr \ 
N;ltus 

Deterrora 
F a ~ l u r e  tr. 
Responhrt 

h l w b f ~ c a t ~  

I l c d ~ r r c t i ~  
Rclalcd (H 

Tran?;~rn t  



Table 5.2-4, Poklztid Behavioral 
Modifier Matrix 

i i  l m l i c a t i o n s  

~ r o u p  Behavior 

n-Related 

- r  A w e t y  

I Level Chronology 

rheslveness 

..evels 

XI Personali tv 

. ~- 

iluman Performance Uurin:: F:il.ly Flight 
hlay S i i f c r  Due to Lacl, of ( ' o r . t  ~ ! : n u t ~ o ~ i  
Behveen Circ:rd~aii E'lirilt'd Ar(,~is'11 Levels 
and Arnun~l-the-Clock Aroub:~l Il~.(~i!irrnierl:s 

Detc.rioration uf l ~ t e r - P e r s u ' ~ . !  l!ch:tvior 

Lkteriorolioti irf i;roii;~ f ro~fu~t l i l t : .  3lid 
P e r i o r m a r ? ~ . ~  Quality 

iktc~r.ic,r:~~.im l n  ! n , l ~ r , d t ~ ~ l  C>tia!iLat~vc :inif 
Qti:,ntit;ati\-r ferfr~rir:orlc,e i?uc to  I.nrk i,f 
3lissiun Or~entecl Ac11\-ntitln 

Physical  and m E!i'i1t11~1131 F ~ i l u r e  ~ o u l d  hf 
Deveicped 3s a Result of Ciiniinuiativc E f f r r t s  
of S t ress  with Inadequate Recrivery Time Availahic 

Increase  in .-\nziety I.evels could ' I ' r ig~er 
Secondary 1)isruptinn qf  li3s:c l 'hvsic~l~rgcal 
S a t u s  

Deterioration of Coniinnnd Structure %\ ~ t h  
Fa i lure  to  C<~orti lnatp Ffforts 2nd o r  
Respons ib i l i t~es  

XIod~ficotion nt l r r i t n h i l ~ t y  T h r e s h d d s  

R e d i r e c t ~ o n  of ;\ctivetinn 11, Yo;>- hl i ss~nn 
Related Ohtecttves 

Transient Aitc~ration in Sleci~:Rest Effectiveness 

(1) Group C ~ ) h e s ~ i c n e s s  

( 2 )  hlo t iva t~?~i  L r v r l s  and 
Direct~or.  

(3) AIeasures o i  .?l:ln~fi'st ond 
La:ent Anzlct! I.evels :mi  
hiodes 

(4) G r o s s  Assessnirnts of 
Circadian Profiles 

( 5 )  ind iv idu~l  P c r i o r m a n c ~  
Assessri~ent 

(6) inter-Persnnal Relationsh~ps 
(Command Structure Profiles,  
Cornrnunication Routes and 
Contents, Etc. ) 

( 7 )  Time/hlotinn Ansljse.; 

(ti) Stability of Personal~t!  and 
Emot~onal  Structure 

1 . c< --- :,l,,<!!,~-s 

[ ' o ~ L - E  light Analyses of: (1, 2 , 3 , 4 , 6 ,  8 )  

J. Personal Diary 

I. E\cnt  Logs 

,. Perha1 Debriefing 

J. Creis Inter-Comr~iunications Analysis 

:. Self-Administered Questionnsires 

\ I : s s ~ o n - Q i e r s f ~ u n s  Based  Vigilance ( 2 ,  3.4,s) 
Evaltistton B o ~  Visbnl 2nd Auktory  Cues 

3eal Time Interview (1.2, 3.5.6, S) 

i'isual and Auditory hlonitoring Via TV 
1,2,3,4,5,6,7,X) 

Periodic hleasurement of Anxiety Related 
' 3 ,  i, Q)  PhysiologicaI Carl-elatt.!: 

i. Li Ketosteroid Excretion 

J. S e e p  Profi!e 

:. Hear t  Rate 

j. R e s p ~ r a t o r y  Rate 

e. Bady Tempera ture  

L hletabolistn 

g. %eat  

h. Blsnk Rates  

i. EEG 

j. Blood P r e s s u r e  

k. Rwty Weight 

1. Hand Steadiness 

Pos t - f l igh t  Analysis o r  Work Quality (5.7) 
o r  I'recision of Control  Outputs Recorded 
and Transnii t ted via Telemetry  



Personal Privacy 
Increase in Covert Anxiety i~ 

Great Personal Pressure  to Living in Public EYL as  U.S. Respect to Capability to Perform 
Perform in Superlative Space Pilot Requires "On at  High Level Required 
Fashion Despite Great Hazard Stage" Behavior at all  Times 
attd Unpredictability of Program Increase in Manifest Anxiety Due 

Potentla1 World-Wide Exposure to Effect of Failure on Persow1 
Critical Analysis by Peers  of all Errors  o r  Personal Status and Resultant Bad Publicity 

'Total Conlmitment of Persdnal 
Drives to Participate and Per-  Over Emphasis on Mission Could 

a. National Stature form Superlatively Compromise Normal Emotional 

b. Competition with Knowledge that Nation and 
Other Countries Program will be  Evaluated on 

the Basis of the Crewman's Eiormal Behavior Coj Id Revert to 

c. Extreme Costs Involved Capability to Complete his liigh Risk Taking to Accomplish 
Mission Successfully Ends o r  No Risk Taking for Fear 

Potential Historic Significance of Blame if Program Should fail  

Knowledge that Performance 
Potentially Great Personal Becomes Matter of Historic Generation of Wysiotogical 

Changes Due to  Increase In Sus- 
tained Anxiety Levels 

Desire to Accomplish Personal 
and Kational Political Gains 
Could Force High Risk Taking or 
KO Risk Taking 



Increase ~n Anxit ty Le\.els 

Disruption of Enlc>tion:tl Baselines 

Muddication in Bos;c Perso~iuli ty 
Structure 

Modification i n  Crqnitive Ju~ignlent 
and De~.Lsion h1~hi:iq PI.ocesse2i 

Over Ett iphas~s IIII Operat~onnl h l~ss i im 
Cumpletion a t  F:~pd:si' vi Crrn  Szfety 
o r  Vice Versa 

Phys~ologlcal  C'h.tngts Due to !liyh 
Ankiety k 9 t . l  

P o s s ~ h t e  Challenge r ~ l  C ~ ~ m m a n d  
Decision (On Board o r  Ground Dlrcct6.d) 

Behn~ior?:  lJ:irzrnt?trrs 
Selected for \Icasurenlent 

( 1 )  hlanilest .\nxiety I 2 v r l s  and 
.\lode? c - f  '.I:li~ifi,strltion 

(3) Disr,ipli:rn u r  c ' h : ~ ~ z e s  in 
El~iutidnal irr Pt,i.c<mni~ly 
Structure,  

- Tinic lu Make Decisions 

(5) I e v r l  and Directi'bn of 
hlissic)n-llvlatcd .Activation 

(fi) Stability i > l  C~tnirnand Structure 
:tnd hdiviilunl Crciv Discipline. 

17) Group Cc-ht.srvenrss 

Table 5, 2-5. Potential B e h a s ~ i o r ~ J  
Modifier Matr ix  

Technique 

Interviews (1,2,3,4,5,6,7) 

3. TV and Audio Link 
P r e ,  Durlng and Bja t  
F l g h t  

Post-Filght Data Ev:;!uatic!n i ! ,2 , .$ ,4 ,5 ,6 ,7)  

a. Events Lug 

b. Personal Diary 

C. Self-Administrred 
Questionmires 

Real Time o r  @lck r i m e  hnaiysls (1 ,  7, J . 4 , 5 . 6 , 7 )  
of Inter-Crew and Ground C ~ r n n r l n i ~ a t x u n ~  

3Ieasurement of Phys~ulogicat  Cokrelates (I, 4 3 . 4 . 5 )  
of Stress  

3. Heart  Rate 

b. Body Tempera ture  

c. Blood P r e s s u r e  

e.  EEG 

f .  Ketosteroid Escretion 

g. Respiratory Rate 

h. Sleep/Rest Profiles 

1. Blink Rate 

j. lland Steadmess 



Phase XI1 

I)hzs= 'trlil provided an e~ tcns ion  of tk;",c ~i ox k r~rt :ctr ;d 117 Phase \qI. Thc speclfic 

instrcr~r~ental/.jpcraelon>iI p r o c ~ ~ l i ~ l - c s  :or. ihe selec~eci n:easurement techniques were 

delineated in a s  r,,uch dcl2i l  a s  possible within the tmlc constraints imposed by the 

contract performance perlod. 

Table 5. 2-6 represents  a c:1n:1~131.i1 of those areas where specific behavioral measurement 

procedures were  shown to be inclicated and Table 5.2-7 shows their distribution under the 
I 

NASA behaviroal a r e a  headings. Table 5.2-8 delineates the formal instrumentation o r  

procedural devices that have been selected to provide the data necessary and their 

correlation to tlhe measurement list. 

The areas  delineated in Table 5.2-6 will, by cross-correlation and siniultaneous analysis, 

provide information on all those a reas  of human behavior that a r e  either sensitive to  

modification by the surround, or  are ,  by their innate nature, crit ical to human safety. 

I t  is important t o  point out that no position is taken that all the performances alterations will 

occur under each of the possibilities listed. Based on ear ly flights, boLLh R u s s i a ~  and 

American, and other data developed in formal experimental laboratories o r  other isolated 

s i tes  on earth, there is evidence that under the specific circumstances that may be present 

in space ths listed s t r e s so r s  produced per  fcrnl~;:.i~/'Lc'~,i \'LOCL?. ~-~c;ci:;i f -  T 3t io~.  ;Ye 

recognize the extremely stringent crew selection, training, and indoctrination procedures 

utilized will be specifically focused on eliminating the occurrance of many of the 

parameters  listed. IbIBL&IS must, nonetheless, provide the capability to m o n i t ~ r  a d  

measure their potential presence if for no other reason than to verify the effectiveness of 

the selection and training p r o p a m  utilized. 

As a result ,  the General Electric Company recomrrr~nd; provic?rng me,is::remens 

capabilities for the behavioral a reas  listed (see Table 5. 2-6 utilizing the techniques and 

instrumentation suggested (Table 5. 2-7). 



Table 5.2-6, Behavioral Parameters  kleclec! for fiIeasilrement: 
- 

(1) Arousal Levels (Level and Periodicity) 

(2) Psychomotor Function: 
Fine and Gross Motor Activity 

(3) Chronological and Amplitude S ~ i f t s  in Circaciisn Cycles 

(4) Crew's Adaptation to  the Physical Uniqueness of the Wei&:L?ss Environment i 
(5) Personality Stability 

(6) Emotional Adjustment 

(7) Stability a n d  Sensitivity of Vestibular 
Mechanism Function 

(8) Stability and Sensitivity of Proprioceptive 
and Kinesthetic Functions 

(9) Anxiety Levels and Modes of Manifestation 

(10) Inter-Personal Relationships (Group Cohesiveness i. e. , 
Command Structure, Corriinunication Routes or  Nodes, W c z s  
Effectiveness, etc. ) 

(11) Short and Long T c r n ~  Memory I 
412) Absolute Measures of Selected Sensory Functions 

(13) Cognitive Function 

I 

I (14) Time/Motinn Analyses 

1 (15) Mission-Directed Activation 



Table 5. 2-7. Distribution of Selected IiIeasures Under  NASA Directed Aleas o: laieasurement I 

NOTE : 

Numbers appearing after technique r e f e r  t o  corresponding number on Table 5.2- 3. 

Sensory Test Bsttery 

Visuzll (12) 

Auditory (12) 

Cutaneous (12) 

Kinesthetic (8,12) 

Clinical Evaluation 

Crew Intercommimication (1,3,5,6,9,10,13,15) 

Learned Behavior 

Reaction Time (2, 3 ,4 ,6 ,  9,12,14,15) 

Tracking (2,12,13,15) 

Vigilance (1,3,6,9,11,12,13,14,15) 

Time and Motion Study (2, 3 ,4 ,7 ,  8,13,14,15) 

Memory, Long, and Short (1,3,6,9,11,13,15) 

Higher Thought Process  (1 ,3 ,5 ,6 ,9,11,13,14,15)  



Table 5.2-8. Measurement Techniques Selected for Obtaining Behavioral Data 

I Test TecMqve 

Mass discrimination Test Kit 

Renl time interview (mice) 

T V  Vl s~n l  Monito- (recommend3d) 

On board communication recorder 

Vf sual Test Equipment 

Rezrtion Time measuring device 

TracMly Task 

P o d  Flight debriefing 

i t ~ i l v  ind~vidual diary 

I'eriocbc on-hoard behavioral queationaire 

Vigil:incc test device 

Blink rate monitor \, 

3/1, clisplnccment dexlce 

Vehicle activity or event log 

X'hotob~arnetric a i ~ l l y ~ i s  cameras 

I Area With Prime Responelbtlitr 
For Providlng ~natnunentition 

I Behavioral 

CFE 

Behavioral 

I Behavioral 

I Behavioral 

Behavioral plu6 others (common use 
of CRT and computer software. ) 

I Behavioral plus others 

I Behavioral 

Behavioral 

Behavioral 

I Behavioral 

&leasurement Area Where Data Xlay Re Applied 
(See Table 5.2-6) 

Short 2nd long term memory device 

AutUometer 

Cogmltlve function Teat Device 

Decision ni&ing 

Problem solving 

Arithmetics 

GSR ( tent~t ive)  

Otolith /veetibuIar mechanism teat 

1, 3, 9, 16 

2, 3, 4, 7 ,  8, 13 

l', 3, 11, 

12 

1, 3,  5, 6 ,  11 

Behavioral 

Behavioral 

Behavioral 

Behavioral 

1JeuroIogical 

Note 
 number^ appearing after technique refer to correspondi~g numbers onTable 5.2-6. 
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5 . 3  - MEASLTEILIENT/TECFI?~QTJE -- SE1,ECTION ,AND - RATIONALE 

This section lists and describes thhe measurements selected a s  providing the most pertinent 

material on evaluating astronaut behavior in order to generate meaningful and applicable 

data to protect o r  in:urove mission function r~nd crew zafety. 

It will be noted that each of the measures i s  accompanied by a series  of measurement 

techniques rather than a single specific measure. This is based on two premises. 

a. No single measure of any single parameter is adequate to describe "behavior" o r  
to  eauate the measure taken of the "total" organism under measurement. 

b. Since varying mission profiles a r e  potentially available with a ser ies  of different 
voliimes, facilities, configurations, durations, and objeetives, it i s  essential 
that differing combinations of measurement t ech iaues  be available to p r ~ v i d e  
the greatest applicational flexibility with the greatest quantitative and qualitative 
data return. 

5.3.1 MEASURE 

Arousal (level and periodicity) 

Definition 

The activation level of the organism both on a psychological and physiological basis. 

Rationale For Inclusion 

Measures of arousal a r e  justified from several points of view: 

a. Altered work/rest cycles may require high levels of arousal at periods when, due 
t o  fatigue o r  mismatch with circadian rhythms, maximal arousal may not be 
" n a t ~ r a l l y ~ ~  maximal. 

b. During the early phases of orbital residence there may be come motility in the 
relatively sl;c.ble earth-oriented chronology of t2e circadian drives, with d i s rup t i~a  
in nutritional, excretory and sleep efficiency. 



c. Those parameters  of influences inherent i n  the earth s~r r fzce  envi roment  which 
may fluctuate 33  a function of a 2 1  hour dzy/niqht cycle nlsy be absent in the space 
cabin environment and result in fur ther  clisruption of circ;l&zn relatictnship, 

d. There  is ample eviclence in the "isola~ion/cunBnen?ent literntiire" to intimate that 
one of the ccncolnitants oi "h:;podynariiic, " o r  "moiiotonous, " envi ronme~ts  is a 
general Ir)wering of the amplitude of the arc1 sal  cycles present a s  long a s  the 
environment is unchanged. 

e. One of the freweritly quofed concomitants of extended "anxiety" is alteration of the 
subjects arousal profile. The degree and direction of the arousal change is usually 
considered to be a function of the indiuidu~ls  basic personality structure and the 
mode, intensity, and duration of s t ressors  in affect. 

f. Many of the detailed procedures normal to nominal "space flight" o r  "experimental 
measurement procedures" require relatively high levels of psychomotor and 
cognitive function both of which a r e  directly coupled to arousal status. 

g. Inappropriate arousal levels and/or rhythms on the part of astronaut crews could 
lead to  increased irritability in respect to inter-personnel re!atiolaships. Difficulty 
in  getting t o  sleep during assisned sleep periods can be erroneously blamed on 
lack of consideration (noise gezleration, lighting levels, etc. ) on the part of fellow 
crewmen. 

Utility Of Derived Data 

With the establishment of data describing modifications in  the t ime course and/or amplitude 

profiles of arousal,  deliberate programing cr i ter ia  may be developed t o  eliminate o r  

minimize potentially deleterious mismatch phenomena. 

In the event that direct relationships may be established for  failures in arousal synchroniza- 

tion o r  amplitudes in  respect to  the development of emotioral o r  general cognitive aberra- 

tion, procedures may be developed to  prevent the generation of such arousal discrepencies. 

These may include artificial suppression o r  activation of arousal, preflight adaptation 

training, modified programing, o r  potential automation of system sensitive functions. 



~ e a s u r e m e r ? ~  I'c~rt~riiques .- Available - 

Real time or.:;! Interview 

Blink ra tes  

Reaction t i m e  I disjunctive) 

C F F  (if av:~ilnble) 

EEG 

Vigilance test device 

Personal dinrl; 

Formzf bt.'i\n.;ioral questionaire 

Sleep proi?Ic c e a s u r e s  

Memory t e s t  device 

Cognitive tes t  device (problem solving - arithmetics) 

EMG 

Metabolism 

Crew intert-ornmunication analysis 

The any o r  all  i.f the preceding measures may be implemented in the specific measurement 

of arousal pro\-iiiing that they a r e  scheduled and coordinated properly. It is assumed that 

one o r  perhaps r \ ~ o  of the measures will be so utilized. It is pertinent to note that many 

of the measures will be taken with other primary purposes in mind and a s  a result a great 

deal of "no ad,%iional costv data may be derived providing adequate documentation is ob- 

tained at the tinle, 

p- 

i 
a;. 

5.3. 2 B/lEASX':3E 

Psychomotor F.rr;.;ction 



Definition 

The subject's capability to deliberately control and utilize his voluntary musculature based 

on informational feedback derived from visual, tactile, proprioeeptive o r  kinesthetic cues. 

Voluntary control shall be measured in respect to: 

a. Precision force emissioi 

b. Precision displacement (rates and locus. ) 

c,  Complex coordination a s  a function of timing and control of multiple spatial 
relationships of the body o r  extremeties to internal o r  external dynamic o r  
static referents. 

Rationale For  Inclusion 

There is reason to believe that in the prolonged absence of a gravitational vector some form 

of adaptation will occur in the musculature of the resident crewmen. A t  the same,time due 

to  the absence of l'weight'l a s  a characteristic of the environment, a shift in the form and 

intensity of proprioceptive, kinesthetic, and tactile cues to movement will be manifested. 

These changes (change in muscle contractility and altered feed back during movement o r  

manipulation of masses) could result in modifications in basic motor function. 

While  both these possibilities a r e  admittedly potentially transient, i f  appropriate and adequate 

countermeasures a r e  developed and utilized, measures of emperical performance would 

still be necessary to  establish the fact that the programs utilized a r e  effective. 

In the event that selected corrective and/or preventive procedures a r e  ineffectual measures 

in this area,  the time course and mode of manifestation of such changes could be delineated. 

Utility of Derived Data 

These data could be utilized in real time to correct techniques o r  modify dosage in counter 

measure programs, 



If the modes of manifestation and the tirnc course of any r;;c;lor deterioration a r e  available, 

deliberate programing may be evolved to ir-,-r!rc the  feet th:~t residual cap:thilities czn 

match task requiremc.~".~ Furthermore, i f  Iang term co.mtern~easures to maintain earth 

baselines a re  not possible o r  feasible, thesz ckta could be utilized to establish minimal 

operational criteria in the design of the %l/fi; interface for long term sgace flight. Once 

again if the preferred mode of handling the modified response is to permit reconditioning 

to occur and be maintained until just prior to re-entry, then the capability to evaluate 

general motor function can provide the criteria necessary to  determine fitness to survive 

and perform during re-entry . 

Measurement TecZlni ques Available 

Constant volume mass  discrimination kit 

Reaction time test 

Eye hand tracking task 

GE 3-D displacement device 

Photogrametric analysis 

EMG 

While any one o r  all of the preceding could be utilized to provide data in the psychomotor 

area: the specific measurement selected would be derived a s  a function of: 

a. The volumetric mass, cooling o r  power constraint imposed by the specific mission 
flight package involved. 

b. Whether o r  not a specific measurement technique could be utilized to provide a 
supportive o r  prime function for another measurement group. 

c. The crewman hour availability 

d. The unique character of the experimental question involved. 



5.3.3 &TEASURE 

Chronological and amplitude shifts in circzciian cycles 

Definition 

Circadian rhythms represent cyclic modifications in activation levels o r  values in a series  

of physiological and neurological functions. These states o r  values shift in amplitude on a 

24 to 27 hour period. The shifts in functional levels a r e  assumed to be linked to various 

physical phenomena generated a s  a result of the daily rotation of the earth (day/night cycle) 

o r  to be iniated a s  the result of a "biological clock" and a r e  further assumed to be respon- 

sible for the optimal activation of the organism in respect to its adaptation to survival and 

function. 

Rationale for I n c l u s i ~  

The arousal phase of circadian rhythms has been discussed under its own heading and will 

be excluded from this discussion. 

The normal sequence and chronological distribution of such physiological activities a s  

metabolism, body temperature, eosinophile counts etc. actually establish the total activation 

level of the organism. This activation (as separate from arousal) is responsible no; only 

for  the nutritional status of the musculative and nervous systems but also by the resulting 

metabolic shift is capable of modifying both neural activation thresholds and muscle tonus 

on a secondary effect basis. These responses not only control the functional potential of 

psycho-motor performance of the individual but also establish the baseline catabolic functions 

which inturn could cause modification in the basic drives activated and their levels of urgency 

(hunger, thirst,  sex, etc. ) This broad, across-the-board potential influence of circadian 

activation should be considered. It should be pointed out that there is evidence available 

to  demonstrate that while an organism can readily modify his autonomic triggering mech- 

anisms voluntariiy to increase activation, it is cons',derably more difficult for him voi-xn- 

tarily to quiet or  deactivate his system if it i s  inappropriately activated. 



Utility of Derived Datz 

While marly experimentors hs-ve Zonked at shifts in circx&an rhjdhms in assoeiatior, .svitIz. 

social arid physical isolation a s  far removed froin su rhee  phenomena a s  possiale, no 

extended evaluation of humans has been acearnplished outside the atmosphere in a weightless 

state where passage through the earth's fluctuating magnetic field (clue to  &rksiiIe streaming) 

on a 90 minute has been accomplished. 

Measures establishing any environmentally unique shift a s  well a s  data linking such shifting 

t o  behatioral manifestations would be of critical import to  the appropriate utilization of man. 

in space a s  well a s  setting operational and harchvare design criteria. 

Measurement Techniques Available in IICIBLlblS 

Real time voice interview 

On bozrd communication recorder 

Reaction time measuring device 

Tracking tasks 

Post flight debriefing 

Daily individual diary 

On board behavioral questionaire 

Vigilence test device 

Blink rate monitor 

Vehicle activity o r  event log 

Photogrametry . 

Cognitive function 

Ketosteriod analysis 

Eosinophil counts 



Sweat 

EbIG 

Heart rates  

Blood pressure 

Body temperature 

Respiratory rate/voiume 

Metabolic profiles 

EEG 

Muscle endurance 

Measures in this a rea  will require careful scheduling consideration ia  order to sampie the 

profiles at appropriate time intervals. In addition multiple testing to  establish the physio- 

logical modifications correlates to  behavioral changes would be of major value. 

5.3.4 MEASURE 

Crew adaptation to  the physical uniqueness of the weightless environment. 

Definition 

Several common physical principles a r e  modified a s  a function of weightlessness that exert 

a primary effect on the crewman's general behavioral profile, (see Figure 5.2 -1). 

Basically the need to accelerate and decelerate objects during manipulation, the require- 

ment for artificial restraint to  emit sustained forces, the absence of gra.vity-generated 

friction, the absence of parabolic flight paths for free floating masses, the absence of 

a gravitationally based "up-down" referent, free soaring a s  a translational mode, absence 

of gravitational alignment of the otolith etc. The ability of the crewman to adapt to these 

and other parameters of the environment a r e  considered. 



Hationale fctr Inclusion 

Major changes in general psychornotor patterns and modes of behavior will be requirec! i n  

order  to reach rnaxi2ium effectiveness in space. The speed and effectiveness with which 

these new procedures a r e  adapted a s  natural behavior will in a large part dictate the per- 

fornlance effectiveness of the crewman. In some instances, failure to adapt to the modified 

o r  absent inputs to the vestibular system, in particular, have resulted in disruptive and 

even incapacitating motion sickness. 

As a result the capability to measure and identify behaviorai concomitants of the subjects 

mode of adaptation to zero G will be of major behavioral significance. 

Utility of Derived Data 

Information derived can be utilized to assess vestibular desensitization programs o r  drug 

therapies in the event that motion sickness i s  evidenced. 

The time course of psychomotor adaptation to zero G may influence operational scheduling 

and even task definition. 

Training profiles for preflight indoctrination may be evaluated o r  specific content added a s  

needed. The design and location of restraint devices, orientation cues, free masses and 

even open work volumes may be based on design criteria developed by such measures. 

Measurement techniques available 

Mass discrimination test kit 

Real time interviews 

Reaction time mzasuring device. 

Tracking task 

Post flight debriefing 



Daily individual diary 

3 /D displacement device 

Photogramet ~y 

Otolith/vestibular test  

Body weight 

EMG 

Heart Rate 

Blood pressure 

Body temperature 

Respiratory rate 

Metabolic profiles 

Muscle strength 

Muscle endurance. 

5.3.5 MEASURE 

Personality Stability 

Definition 

Each crewmember will have had an extensive baseline evaluation of his personality profiles 

prior to selection and reasonably close monitoring during the preflight programs. It is 

assumed that a series  of desirable t ra i t s ,  capabilitiej and drives, general defense me&- 

anisms, and egocentric motives will have been noted and measured. 

Rationale for Incldsion 

The use of personality inventories in test-retest situations have demonstrated that changes 

in personality profile scores a r e  not o d y  a measure of the inventories reliability but 

indicative of changes in personality. 



These latter changes have been zttributed to such factors as a change in home e n v i r o m e i ~ t ~  

work situation, subjects perception of his  rolc in life, particular stresses active at the 

time of test,  etc. 

The factors associated with long space flights, (s tress ,  confinement, and the like) may well 

affect personality characteristics. 

Utility of Derived Data 

It is assumed that to some extent it will be desirable to establish the stability and sustained 

utility of these structural characteristics over the period of the flight. Any capability to 

monitor their activation, direction of movement, o r  frequency of utilization could not only 

provide some insights regarding prognostic judgements of operational adequacy o r  survival 

effectiveness but will also help validate selection and/or flight readiness criteria. 

Measurement techniques available 

Real time interview 

On Board communication recorder 

Post flight debriefing 

Daily individual diary 

On board behavioral questionaire 

Cognitive function 

Sensory test 

Ketosteriod analysis 

Heart rate  

Blood pressure 

Body temperature 

Respiratory rate & volume 

Metabolic profiles 
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5.3.6 hlEASURE 

Emotional adjustmegt 

Definition 

For  the purpose of this study emotional sdjustment shall be considered to be the level and 

mode and appropriateness of affect demonstrated overtly by the crewman in response to 

those parameters of the space craft environment o r  mission which can be identified a s  

stressful o r  disrupting. 

Rationale for Inclusion 

The psychological literature related to high s t ress  and isolation and confinement experi- 

mental studies have described modification in emotional adjustment in abnormal environ- 

ments. Studies o r  empirical reports from voluntary isolation at Arctic and Antarctic sta- 

tions and involuntary isolation on life rafts o r  in-prisons have reported a broad spectrum 

of emotional changes varying from almost complete withdrawal to hyper irritability. This 

sort of lability could be highly disruptive to mission success and, if severe enough, could 

compromise crew survival. 

Utility of Derived Data 

Information in this a rea  would be of value in real  o r  near-real time. If such analysis is not 

feasible, post flight analysis could shed light on such things a s  specific etiological relation- 

ships o r  correlations of the manifested behavior and some specific operational, hardware 

o r  environmental influence a s  well a s  the possibility to equate rates of onsets o r  pinpoint 

precursor behavior. 

Measurement tecbiques  available 

Real time interview 

On board communication recorder 

Post Right debriefing 



Daily individual diary 

Cognitive function. 

Heart rate 

Blood pressure 

Body temperature 

Respiratory rate/volurne 

Metabolic profiles 

EEG 

5.3.7 MEASURE 

Stability and sensitivity of vestibular mechanism function. 

Definition -- 
The vestibular system is primarily responsible for the detection of and compensatory 

response initiation for linear and angular accelerations of the human in respect to vector 

and ra te  of these energy inputs and, in conjunction with these phenomena, provide a sersory 

indication of gravitationally oriented verticality. 

Rationale for Incb~sion 

It has been amply demonstrated that under typical acceleration modes o r  combinations of ' 

rate and vector histories the vestibular responses lead to illusionary perceptions of a visual 

o r  introspectively sensed nature which were capable of causing inappropriate interpretive 

control o r  compensatory responses on the part of the exposed individual. 

In some instances r e p r t e d  during the early U. S. -USSR nights, illusionary introspective 

sensations of tumbling o r  motion sickness have been reported. 



i:. 
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Quantitative measures  of such phenomena when correlated to the dynamic history experienced 

could lead to greater  definition of cnusality a s  ~ ~ r e l l  as  a possibility to equate the dynamics 

involved with sertsation severity. In addition, such tethniques could be used t o  evalu:~le the 

effectiveness of preflight desensitization programs o r  drug therapies, 

Measurement technique available ' 

Tracking task (adaptive program) 

3 -D displacement device 

Photogrametry 

Otolith/vestibular tes t  

5.3.8 MEASURE 

Stability and sensitivity of proprioceptive and kinesthetic functions. 

Definition 

The  fmctional integrity and threshold sensitivities of those sensory mechanisms (b&h 

afferent and efferent) related to  the perception and compensetory activities a r e  important 

for  the maintenance of both the static and dynamic physical relationships of the various 

segments of the body in  respect to  one another o r  an external referent. Information re-  

garding relative 3/D locus, some aspects of force generation/emission and some aspects 

of reciprical o r  coordinative dynamic movement a r e  included. 

Rationale for  Inclusion 

Kinesthetic and Proprioceptive inputs in an ear th surface environment a r e  usually based 

upon data derived from the activation of musculo-skeletal stretch mechanisms during their 

function against o r  along a gravitational vector. While voluntary motor activity in zero 

G will st i l l  create  a level of activation of stretch receptors;  in the absence of gravity the 

amplitudes and cltlrations of the outputs of the stretch receptors will most eertainljr be 

modified due to the shift from "weight" reactions to "inertial" reactions. 
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While no major perturbatiorrs have been noted during operations wherein the crewmen mere 

firmly stxbilizec! in couches, some operatlo~iat awlnvardness was experienced during both 

US and USSR EVA operations, iyhether o r  not some proprioeeptive and/or kinesthetic dis- 

r ~ @ i o n  was involved i : ~  yet to be deterinined. 

Utility of Derived Data 

Should some alterations of functional integrity o r  sensitivity threshold, o r  the capability 

to  interpret and utilize such infomation be detected, the implication to  performance during 

re-entry o r  recovery operations could be a mzjor impact. In addition, should such modifica- 

tions be identified, a countermeasure program directed a t  eliminating o r  minimizing the 

adaptation could be initiated. 

Finally, should there be some period of transient capability before the crewman was fully 

adjusted, operational harcrhvare could be capable of being designed to  minimize the con- 

sequences. 

Measurement technicues available 

Mass discrimination test kit. 

Reaction t ime measuring device 

3/D displacement device 

Photogrametry 

EMG (reciprocal muscle measures) 

5.3.9 MEASURE 

Anxiety levels and modes of manifestation B 
Definition 

For  the purposes of this  program anxiety shall be considered to be those responses related 

to o r  caused by the individual's "concern forv o r  "apprehension regarding" o r  a s e r i e s  of 

rea l  o r  possible everrts that would cause injury to o r  thwart the desires  of the iadividrral in- 

volved, 
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"Anxiety" in  this  definition i s  simultztneously a - resul t  of inputs from the physical, opera- 

tional a11d emotional eniironment and is the -- cause of both psycbologica1 and pi~ysiologicftl 

modifications. 'i'hese primary systemjc rnorlifications nlay then cause funhe r  modiflcfltiions 

in the modes and amplitud2s of the subjects response on :t. secondary basis. 

Rationale for  Inclusion 

The  active development of high levels of anxiety could cause serious disruptions in the crew- 

member 's  ability t o  perform in psychophysical, cogritive, o r  psychophysiological areas .  

Utility of Derived Data 

Deliberate measurement of alterations in  anxiety profiles could possibly lead to the identity 

and quantification of causal factors, which once identified could possibly be reduced, o r  

eliminated, througll crew selection. 

Measurement techniques available 

Real t ime interview 

On board communication recorder  

Post flight debriefing 

Daily individual diary. 

Periodic on board behavioral questionaire 

Vehicle activity o r  event log 

Ketosteriod analysis 

Eosinophil counts 

Sweat 

Heart r a t e  

Blood pressure 



Body temperature 

Respiratory rate & volume 

5 . 3 . 1 0  MEASURE 

Inter-personal relationships 

Definition 

For  the purposes of this program irrter-personal relationships refer  to  both icdividual and 

group functions requiring cross communication o r  cooperative actions on a direct o r  in- 

direct contact basis between the members of the flight crew, o r  between flight crew members 

a s  individuals or  a cohesive group and individual ground communicators, interviewers, 

authorities o r  the ground complex a s  a whole. 

Rationale for Inclusion 

The requirements for the crew to cope with large quantities of highly accurate cognitive 

and functional outputs on a continuing basis will require a large degree of high level co- 

operation between all individuals and groups concerned. Any mechanism acting to deterio- 

rate desirable inter-communication routes would constitute a severe disruptive influence 

to al l  aspects of mission success. While extensive work has been done in small group 

interaction and communication pathways for optimal effectiveness of organization, little 

substantial research has been done for highly isolated, forced interaction groups. 

Utility of Derived Data 

The description and analysis of crew interaction profiles could help establish not only 

possible modes and manifestations of any disruptions o r  possibly improvements to the 

basic operational iateractions and subsequent productivity effectiveness, but could perhaps 

help identify the factors creating the modifications. If such identifications can be affected, 

valuable insights to subsecpent operational program design, task organization and scheduling, 

crewman hour programming and the desirability of specific crew prsonali ty characteristics 

for selection c ~ i t e r i a  may be gained. 



Measur~meni; technicrues available 

Real time interview 

On board co~i~munication recorder 

Post flight briefing 

Daily individual diary 

Periodic behavioral questionaire 

5.3.11 MEASURE 

Short and Long Term nlemory 

Definition - 
For the purposes of this report short term memory will refer  to the retention of either 

visual o r  auditory alpha/numeric o r  non-verbal material for a period not to exceed 3 

minutes from the time of presentation until test. Long-term memory evaluation shall be 

considered to  exceed 24 hours (stimulus presentation to  test). 

Rationale for Inclusion 

Memory has long been utilized a s  a measure of attention span, personal activation and 

general cognitive funct i~ns  o r  learning abilities. Within certain limits a given subject 

can perform quite uniforlnly when tested a s  a function of similar non-associative material. 

This is not say that an individual's capability to retain specific loads of material of specific 

complexity a s  a function of time can be fairly standardized, especially for short te rm 

periods. A s  the periods lengthen there is evidence to demonstrate that this long t e rm 

memory also holds fairly constant except for the fact that "what happens during that time" 

(retroactive inhibition) is just a s  critical a s  elapsed time between learning and recall. 

Utility of Derived Data 

In this area a s  in others the greatest value in the measures taken lies not so much in the 

absolute measures developed a s  much as it i t  ir, the deviation from known basefixe. 



Memory spans provide insights not onIy in  learring ability and personal commitment, but 

could conceivable provide supportive material to estabiish overt personai subjective evaiux- 

tions of s tressors that occur betvieen the presentation and rccall. 

Measurement technique:; available 

Real time interview 

Post flight debriefing 

Periodic behavioral questionaires 

Cognitive function tests 

5 . 3 . 1 2  MEASURE 

Absolute measures of selected sensory functions. 

Definition 

For the purposes of this prGgram measures will be evolved for vision, audition, cutaneous 

and labrynthine functions (labrynthine functions a re  discussed separately under vestibular 

function). 

Rationale for inclusion: 

The exireme criticality of sensory functions for crew performance and survival is self 

evident. Measures in this a rea  would be justified if for no other reason than to  establish 

the fact that no deterioration has evolved a s  a function of residence time. However, while 

no overt manifestations have a s  yet been noted during any US-USSR Space flight programs, 

certain systemic hematological and cardiovascular changes have been noted. There is 

feeling in many quarters t b t  if vascular and hematological modifications become excessively 

altered, a seconda~] manifestation, altering sensory function could be evolved. There f L 

also some opinion, although not evidenced emperically, that the absence of a gravitational 

vector could disrupt the extra-occular musculature cooranation a s  well a s  the concept that 

eye ball configuration could be modified in the absence of gravitational compression. 



The specific: measures selected lbr testing a r e  covered in the 3Ieasurernent Specification 

Sheets (AppencEx A) ss well a s  in the addenclum of additional measurement recomrnent33tione. 

The primary uitiliry of these measures i s  inherent in thc: fact that tbe crewn~an's  functlc,n 

in the system is completely based on his capability to sense and respond to his environ- 

ment. Until we can be absolutely sure that his sensorium will not be degraded by his 

residence in orbit, we must be capable of monitoring these function capabilities. 

Measurement techniaues available 

Real time interview 

Reaction time measuring device 

Visual test  equipment 

3/D displacement 

5.3.13 MEASURE 

Cognitive function 

Definition 

For the purposes of this program, cognitive function is assumed to be synonymous with 

higher thought processes with the exclusion of memory which was treated separately. Its 

primary concern is the measurement of the individual's capability to  carry on eBectively 

in respect t o  decision making, problem solving, computational capability and the ability to 

apply his intellectual/technological skills effectively. 

Rationale for Inclusion 

There is reason to believe that some modification in general cognitive function may develop 

as a function of such influences a s  sustained anxiety, increased irritability, isolation, 

confinement, sustained operations, monotony, and altered circadian rh~.i.thms. A t  the 

present t ime the severity o r  time course of such potential mo&ficzt-tiun is undefined. 



Derived Data 

Measurement in this a rea  will not only provide data for the above but could also provide the 

basis for mission abort should some unforseen and/or uncietcctable toxicant of ECS system 

failure degrade cognitive fimction, 

Cognitive measures should also be considered in respect to possible misalignment with task 

requirements by inadequate arousal due to circadian shifting o r  programming inadequacies, 

Measurement techniques available 

Mass descrimmination test kit (decision time) 

Real time interview 

On board communications recorder 

Reaction time measuring device (disjunctive) 

Post flight debriefing 

Daily individual diary 

Periodic on board questionaire 

Short and Long term memory 

Cognitive function test  device. 

5.3.14 MEASURE 

Time motion analysis 

Definition 

For the purposes of "As program time/motion analysis a r e  defined as those measures 

designed t o  establish data regarding: 

a. The elapsed time necessary to accomplish a complete task a s  well a s  the identifica- 
tion of time consumption recjdrerneds for each reasonably separabie functional 
series;  and 



b. the motion analysis information necessary to define such pertirient data bits a s  
v ~ o r k  envelopes, e r r o r  frecpeilcv anci +pee, inaciecpate procedural o r  operxtions 
design, inadequate harihvare o r  support gear  design and possibly train?;ng o r  
skill level adeqxacy. 

Rationale for Inclusion 

The principal purpose of man in the vehicle i s  to  accomplish useful work effectively. The 

total man hours available in any mission flight is finite; therefore, i t  is expedient to insure 

the fact that the best possible use  i s  made of the available man hours. This i s  done by 

adequate task,  hardware, support gear  and operational design a s  well a s  appropriate crew 

training. 

Utility of Derived Data 

The derived measures  may be directly applied in  either design o r  operational validation 

procedures, o r  in  the establishment of basic vehicle configuration, hardware, operations, 

support equipment o r  training design programs. 

Measurement techniaues available 

Tracking tasks  

3 -D displacement device 

5.3.15 MEASURE 

Mission directed Activation 

Definition 

F o r  the purposes of this  program we assume this  a r ea  to  relate to the level of voluntary 

commitment of the individual to  the successful implementation of mission-related functions 

as expressed by the effort and t ime he is willing to  expend in i t s  successful completion. A 

further avenue of measurement is the level of precision o r  compulsiveness he displays o r  

voices. 



Rationale for Inelusion - 
The literature of isolated groups makes frecpent mention of aiterations in the levels and 

direction of mission oriented activities a s  a fiznctioi~ of residence in the environment and 

the extend to which thc mission hs a personal related eg, involvement. 

A l l  the problems inherent in the closed ecological system (confinement, forced social 

interaction, monotony, anxiety, etc, ) tend to drive personal commitments and activities 

toward the alleviation of personal irritants o r  discomforts rather than toward mission 

goals. Some indication is present to suggest that this redirection phenomenon is not 

continuous in its intensity or  direction over the mission course. 

Spurt o r  "end effectn phenomena a r e  frequently discussed but rarely documented. 

Utility of Derived Data 

Information generated in this area could pin-point the possible etiology of modification, in 

which case redesign could be considered for subsecpent procedures. If time course effects 

prove to be stable in reference to time and mode of response, specific training o r  operations 

scheduling could be accomplished to compensate for the changes. Should all connective 

, approaches be inadequate, measures capable of pin pointing mission directed activation 

levels that a r e  inadequate could be utilized to help establish the limits of individual residence 

times. 

Measurement techniques available 

Real time interview 

On board communication recorder 

Reaction time measuring device 

Post flight debriefing 

Dally individual diary 

Periodic on board questionaire 

3 / ~  displacement device. 



5.4 SUGGESTED I%TRT_ritlE NThTION A LTERNATNES * 
bJ 

5.4.1 GENERAL 

En order  that the due date of the final report be met, it was necessary to establish 

a formal "configuration f reeze  date. " Whenever this procedure is followed during a 

developmental program, it becomes necessary to exclude from the formal design many 

promising but inadequately defined items that would, if time permitted, merit  further 
pa - 
' I  consideration. The following material  represents three such instrumental considerations e 

that while distinctly meritorious were at  the time of the configuration freeze too poorly 

defined for inclusion. The use of an on-board TV monitoring system, its advantages 

and penalties, is discussed in Volume 3,  Section 4. 

5.4.2 RRJLTIPARAMETER VISION TEST DEVICE 

Visual function has been identified a s  a behavioral a r ea  requiring consideration for 

measurement in IMBLMS. Astronaut vision, (~II spite of the fact that no observable 

degradation has been noted in space flight operations to date) has been selected for 

measurement because of its extreme criticality to crew survival and mission success,  

a s  well as  the fact that prolonged residences could lead to vascular changes potentially 

capable of disrupting retinal or  other optically related circulation and cause failure in 

visual function a s  a secondary effect. 

The specific visual parameters originally selected for  measurement were acuity, dark 

adaptation, absolute brightness thresholds, color discrimination phorias and depth percep- 

tion. In the course of a continuing evaluation which included extended discussion with 

outside consultants, an  additional se t  of performance crit ical parameters meriting 

measurement consider ation were identified, 



Criticai Flicker Fusion Tliresholds 

This measure has been evaluated extensively and has  been demonstrated to be an extremely 

sensitive indicator cl the general health and fuilctional in teg~i ty  of those portions df vi~u28 

system that have to do with the detection and crit ical integration of light stimuli.  

Eye nlotility 
. .. 

Based on commentary in the literature there is reason to believe that some modif icat i~n 

could occur in the general configuration of the eye when it is released from the compressive 

distortion of the eye present in lg .  In addition, a potential motor disfunction generated 

when the mwement  of the eye becomes an Itinertial functionw rather  than a ''weight 

d i ~ p l a c e m e n t ~ ~  function has been suggested. If these phenomena exist, (and that is yet to 

be determined) it is  reasonable to assume that some modification in coordiaated performance 

of the extraocular muscles might be manifested. The criticality of efficient eye motility 

i s  self-evident and a s  a result measurements assessing eye motility should be included. These 

a r e  reaction time, t raversal  accuracy, and resting t remor frequencies and amplitudes. 

Visual Fields 

Evidence has been compiled that demonstrates modifications in the sensitivity of the 

visual field to stressful circumstances. Some of these, such a s  loss of peripheral sensi-  

tivity to light o r  color, have been described a s  results of retinal anoxia o r  exposure to 

accelerations across  various body vectors. Once again the criticality of having efficient 

function throughout the visual field during monitoring of complex flight maneuvers justifies 

i ts inclusion a s  an lMBLMS measurement until the absence of alterations can be demonstrated. 

With the addition of *these potential measures,  canvasing of potential vendors failed to 

disclose any single device that would be'capable of providing the indicated measures. As a 

result  tne General Xect r ic  Company evolved an approxh  utilizing state-of-the-art m e a a u e -  

ment techniques but incorporating unique display formats and instrumentation . In order  for 

tne device to be appropriate for inclusion in a spacecraft, ground rides were developed to 

maximize reliability and measurement effkctivenuss while minimizing weight, volume, find 

power requirements. The device in i ts current state of design is shown in Figure 5 ,4-1 ,  





Figure 5,4-2 represents the basic configuration of the display format on the electro 

luminescent paneI. Each of the dots in the circular a r ray  represents an independent 

electro lunlinescent light chip providing a visual output somewhere in the red frequency. 

Chips may be selectli/ely illuminated singiy, in combin;tion, or  sequentially. These 

fixation points when placed in the fovea serve to position the test  stimulus a t  a precise 

retinal location. The circular a r rays  will be so  positioned a s  to compensate for  the visual 

distortion caused by the wide angle lens, and provide a display of equidistant concentric 

rings to the retina. Figure 5.4-3 represents a function flow block diagram describing the 

operatior1 of the device. 

The device a s  currently conceived could provide measures in the following areas  utilizing 

the described procedures; 

Dark Adaptation 

The subject is requested to fixate on a selected red E. L. chip so  located a s  to 

center the white stimulus light on the retina. The stimulus aperture is adjusted to 

provide an adequate image dispersion on the retina s o  a s  to insure the inclusion of 

both rods  and cones in the sensitivity measures.  The variable density wedge is positioned 

s o  a s  to completely occlude the passage of light. The shutter is then cycled a t  a constant 

"open phase" duration but with a varying inter-stimulus time a s  the wedge is deliberately 

withdrawn to permit controlled light transmission. 

The subject reports his f i r s t  perception of light by depressing an appropriate manipulanda. 

If the response was made during one of the random light presentations, it is considered 

as the threshold level for that point in  time. If the crewman's response is made during 

an off-period, it is considered (and recorded) a s  an e r r o r  and the sequence continues. 

The process is repeated for a preselected period of time (from 15 to 20 minutes per  

test  sequence) with tkch value recorded and plotted for time. Stimulus presentation will 

be approximately 100 milliseconds in duration with from 0.5 to 2 seconds between 

presentations. 







At thst point in t ime a preprogranlmect sequence of fixation points will be illuminated in  a 

random manner. The subject will be required to shift his vision from point to point fixzting 

each point a s  it is illuminated. hleas~wements ~ ~ 1 1 1  be taken in analog form representing the 

displacement of the eye k o m  itc previous or restinp position as  a function of the tlmc course 

of the motion history (2/D displacement/time). This will provide us with information re- 

garding response time (eye movement latency), accuracy of movement, and fixation stability. 

Visual Field Napping 

The field mapping procedure will require that the subject stabilize his  head and eye with the 

biteboard and don the selected eye movement detector device. The variable aperture size 

will be diminished s o  a s  t o  provide an appropriately sized stinlulus for field mapping, The 

shutter will be closed but so  programmed as  to  provide a fixed duration stimulus with a 

random inter-stimulus presentation t o  increase successive levels of stimulus brightness. The 

subject will fixate on selectively activated fixation points until a stimulus becomes visible, 

where upon the crewman will activate a response key. At that point the crewman's manual 

response will not only record the locus and value of the threshold point, but would step the 

system to  its next setting. This mapping should be done following a deliberate controlled 

dark adaptation level either by wearing adaptation goggles for a preset  period pr ior  to  test ,  

o r  by conducting the field mapping immediately after dark adaptatiorz evaluation procedures. 

Should it be desirable to  conduct field mapping at ambient adaptation levels, adequate intervals 

between tes t  stimulus will be provided to  permit readaptation to  ambient light. Identical pro- 

cedures could be utilized for color mapping with the exception that a selected color filter will 

be positioned in front of the stimulus port pr ior  t o  stimulus presentation. 

The remaining visual measures of acuity, depth perception, color discrimination and phorias 

may be  measured via the static slide stimulus material presented in  either an o r tho ra~or  type 

device o r  a simple controlled resolution projection system with provision made for ambient 

light control and lead fixation to  maintain control of the visual angle of the stimuli at  the eye. 



Absolute Brightness Threshoid ----- 

Two values for  this measure will be derived from the proceding dark adaptation tesi. 

program. The sensitivity levels maintained at brightness threshold levels for  the a m b i e ? ~  

cabin light levels will be represented by the f i r s t  measure taken for the dark adaptation 

curve. Absolute maccular brightness threshold will be represented by the last  measure 

taken. Following the last  dark adaptation measurement, the subject will shift his eye to 

a new fixation point which will place the test  stimulus "which has been reduced in sizew 

to a selected location in his retinal periphery. One se t  of 3 measures will be  taken and 

will represent the crewmen's absolute - brightness threshold, 

Critical Flicker Fusion 

All fixation points will be  extinguished and the stimulus aperture will be expanded to 

i ts widest opening. The wedge will be positioned to provide a specific t ime and constant 

level of illumination. The shutter will be  se t  at  a speed s o  a s  to provide a standard 

light/dark ratio a t  a ra te  high enough, (dependent on selected values for stimulus size,  

brightness, color frequency, and retinal image location) to provide an illusion of apparently 

steady illumination. The subject will manipulate the shutter speed so a s  to pinpoint that 

shutter speed so  as  to pinpoint that shutter frequency where flicker f i r s t  becomes noticable. 

The setting (i. e. flicker frequency threshold) will be noted and the test  repeated until a t  

least 5 settings a r e  obtained. 

Both descending (fusion to flicker) and ascending (flicker to fusion) could be evaluated. 

Eye Motility 

The subject will position his eye a t  the eye piece, stabilizing his head in respect to the 

system by clamping on a fitted biteboard. In addition, the eye movement sensor  incorporated 
/ 

at the eye piece will be activated and/or I1LIBLMS EOG xi l l  be donned. A selected fixation 

point will be  illuminated at a selected point at  the extreme end of the visual field, tile subject 

will fixate on it and the eye m a  ement system calibrated. This process will be  repeated for  

a t  least 3 o t h e ~  displacements in order  to provide an adequate 2 dimensional field calibration. 



5.4.3 REACTION TIAPE hIEASmE&lEITT 

Reaction time measurements have beerr called sut a s  being one of the areas  of fruitful 

measurerrle~lt in h e  description and quxntification c! the cre.ivmants kehavioral stxte. 

Unfortunately, the l i terature demonstrates that there i s  a high variability within individuals 

in respect to the stability of their reaction time performances. This variability always 

increases Type II e r r o r  probabilgty, This is to say that high performance variances can 

obscure o r  wipe out moderate o r  low levels of change generated by an experimental variable. 

While the experimental instrumentation advocated for Ii\;IBLIv'LS utilizes an acceptable 

standard approach to  data collection, i t  still suffers in sensitivity a s  a result  of the fact 

that it makes no unique effort at  minimizing variability beyond the implementation of approved 

standard techniques. 

Traditionally, reaction times a r e  taken by having the subject actuate o r  release a mechanical 

switching device following stimulus presentation. This approach increases variability a s  a 

function of the fact that pressure must be exerted to t r ip  the device and some mechanical 

displacement must occur. Most such-mechanical devices can be modified functionally in 

respect to changes in  tripping pressure and travel generated with use and, in  most instances, 

the capability to control these parameters is not included a s  an experimental control, The 

Cornell Aeronautical Laboratory*" has recetltly advised us of a new technique that utilizes bvo 

contact plates for reaction time measurement. The CAL technique requires the subject to 

shift a finger from one plate to the other. The task described yields three measures: 

a, Elapsed t ime from stimulus on-set to removal of finger contact from plste 1. 

b. Elapsed t ime from loss of contact at  plate 1 to contact at  plate 2. 

c. Total elapsed t ime to contact the second plate. 

Data generated and reported to us in summary by CAL demonstrate enormous reductions 

in performance variability. Table 5 .4 -1  represents the decrease in variance expressed 

* * T H I S  DATA 1 5  PROPR~EIAHY TO A CONTRACTOR ~ O T  PRESENTLY UNDER C O ~ ~ T R A C T ,  THEQEFORC 
T H E  P 'JSUBCONTRACT D A T A % *  C L A U S E  O F  C O h T R A G T  NASW163P I S  N O T  A P P L I C A B L E .  

I 



in miiliseconds that was gained by shifting from the standard te leqaphers  key response 

to the plate system, The results preseqted were obtainecl in a pilot study where hro subjects 

were utilized and given 230 t r ia ls  ~ t i l i z ing  a plate device and 200 t r ia ls  with a key, The 

variances shown represent the sprnad generated durit,g the final 20 trials for each of tb-. t es t  

techniques (key versus plate). 

While this approach did not have time for incorporation in the fcrmal portion of the final 

report, i t s  apparent increase in performance reliabili ty would make i t  a much more sensitive 

device. As a result ,  serious consideration should be given i ts  potential incorporation in 

the IiMBLMS program. 

Table 5. 4-1. Reaction Time Variances 

SUBJECT VARIANCE (m. see. ) 

PLATE KEY DIFFERENCE 

1 244.91 662.81 417.90 

2 1780.64 2869.04 1088.40 
L 



5.4.4 EEG/SEEEP E7JALUATPON DEVICE 

I-"$ In the analysis of human behavior, measurement of general circadian profiies in respect 
&$ 

to arousal/sIeep ?vere evolved a s  a r e s s  deserving major considerations in behavioral 

assessments. 

In the profiles selected for the final report,  EEG records,  especially those related to the 

Alpha ry thns ,  were to be conlpressed and t e l e n ~ t e r e d  to the ground for analysis. Modifica- 

tion of the Alpha rythms have a fairly wide-spread acceptance a s  representative of some 

quantifiable measure describing the organism's level of sleep/arousal. Cornell Aeronautical 

Lab, ** in response to  our query reported on a recently developed solid state device which they 

call a "Sleep Metert1 capable of operating "directly on an  EEG signal in the comptitation of the 

level of sleep of a human subject. " The analysis approach is based on assumptions derived 
1 from the Johnson Power Spectral Functions (1965) to develop z simple voltage analcg of the 

four levels of sleep. It is proposed in this approach that the power spectral function, uiique 

for each level, may be represented by a central frequency which i s  a monotonically decreasing 
2 

function of the sleep level. Rice (1944) demonstrated that the critical element of the Fourier 

transform of such a signal can be extracted by the measurement of zero-crossing ra tes  of the 

signal according to the formula: 

- 
When - h = Average zero-crossing 

ra te  

F = Frequency 

6 = Power Spectral Density 

1 
Johnson, et al, Stability of Auto Spectra, EZectro-Enceph. Clin, Neurophysiol, 
1959, - 19, pp. 305-308 
Rice, S. 0. , Statistical Analysis of Randor~i Soise, 
.Jlr!v, 2 9 4 4 .  

* *THIS  D A T A  15 P R O P R I E T A R Y  T O  A  C O N T R A C T O R  N O T  P R E S E Y T L Y  U N D E R  C O N T R A C T ,  TPr Y E F O R E  
T H E  t * S U B C O N T R A C T  D A T A C P  C L A U S E  OR C O N T 9 A C T  NA5Wl630  15 N O T  A P P L I C A B L E ,  " 

5-57 



The CAL sleep meter,  then, perfornls this computation giving- a voltage output proportional 

to the depth of sleep. The group then validated the approach by analyzing a ser ies  of records 

on magnetic tape provided by Dr .  LaVerne Jolxlson of the Ka-vy hIedicaI Seuro-Psychiatric 

Research Unit. I)i Johnson had conducted a standard rour ie r  analysis of these t a w s  

identifying the four levels of sleep they described, The report received from the CAT, 

Life Sciences Section stated that "when the signals from these tapes were read by the sleep 

meter,  i t  was able to discriminate accurately the four levels of sleep. '' The advantage 

manifests itself in the abiliw to provide real  t ime descriptive readouts of sleep profiles 

by an untrained astronaut, a s  well a s  providing a superior data compression technique. 

The current bread-board prototype device can be packaged in a 3 cu. in. volume. The 

impression gained during discussions with CAL was that this volume could probably 

be reduced by at least one order  of magnitude with modest subminiaturized packaging, 

It is recommended that the inclusion of this device a s  a n  IIvIBLMS capability should be 

considered in  any subsequent operations. 



SECTION 6 

MEMUREhZEKT INTEGRATION 

6.1 SUhaZARY 

An analysis of thc integrated requirements of the reconmended measurements, methur-!s, 

and frequencies was undertaken to confirm the reasonableness of these recommendations as 

equipment requirements and a s  the basis for consumables logistics calculation. This analysis 

took the form of a preliminary calculation of crew time required versus that available. 

Based oil a 50-day biomedical/behavi/ioral mission, the preliminary measurement time and 

frequency requirements a r e  within the estimated time available: 

Estimate3 Time ha i l ab le :  1,269 hours (3 men) 

Estimated Measurement Time: 896.2 hours (3 men) 

The laboratory analyses a re  the behavioral measurement data samples returned to earth 

after a 60 day mission amount to approximately 118.2 pounds and occupy a volume of 

3.5 cubic feet, These items which includes two freezers and a refrigerator, can be readily 

handled in the return CSM based on data obtained in the Cluster Mission Data Book. 

Logistics examination determined that a 60-day mission requires approximately 100 pounds 

and 3 . 8  cubic feet for consumables. Resupply may be handled by a single 20 x 20 x 30 inch 

IJb'IBLMS segment (including two freezers and a refrigerator to replace those returned with 

specimens plus 2 cubic feet available) a t  115 pounds total. 

6.2 PRELIMINmY CREW TIME REQUIREMENTS DETERRlINATION -- 
A preliminary calculation of crew time requirements was undertaken primarily to confirm 

that the recommended measurements, measurement methods, and measurement frequencies 

may reasonably be accomplished within crew time available. This confirmation both confirms 

the recommendations as equipment requirements and form the basis for examination of the 

logistics of consumables for IMB LMS. 



6.2.1 ASSUMPTIONS 

a. 60-d3y %iome;!ical RIission 

b. Day 1, 2 ,  3 mri 4 required for launch, orbit insertion, docking, and preparing 
cluster for nlission activities. Day 59, and 60 required for securing cluster and 
de-orbit activities. 

c. Measurements can be performed on Days 5 through 58. 

d, Crew members uill  be allocated 8 hours per 24 for sleeping. 

e. More than one crew member can be sleeping at the same time. 

f. One man will always be in the CM although he may be asleep. 

g. Crew members will be allocated 3 hours per 24 for meals and snacks. 

h. Crew members will be allocated 2 hours per 24 for res t  and relaxation. 

i. Crew members will be allocated 2 hours per 24 for general housekeeping. 

j. Approximately every seventh day 1x31 be allocated as non-experiment (except for 
certain measurements required daily) days for crew res t  and operational tasks. 

k. Non-experiment time per day i s  a s  follows (per man) 

Sleep - 8 hours (can include CM time) 

Meals - 3 hours 

Rest and Relaxation - 2 hours 

Housekeeping - 2 hours 

1. Experiment time available per day per man is  9 hours. 

m. 47 days a re  available for IMBLMS experiments (54 days minus 7 crew "free" days). 

n. A total of 1269 hours IivIBLi?;E experiment time is available (47 days times 9 hours 
x 3 crew members). (Does not include time for measurements required daily.) 

o .  Crew skill level i s  equivalent of that of a medical technician. 

p. Automated data management and semi-automated calibration i s  included. 

q.  Safety monitorirg is  not considered, 



6.2.2 METHOD O F  CREW TIR.IE CALCULATION 

The following steps have been taken to reach the ;~reser;t measurement frequency schedule. 

This schedule is recogni:~ed xs only pre!irniuar;;. 

a. Estimates were made of the recommended n~easuren~ent  time elements; (see 
Table 6.2-1). 

2. Performance time 

3.  Take down time 

h. Repetition rates were developed based on the recommended measurement list. 
They are  somewhat arbitrary f irs t  approximations and vary from 6 times daily to 
once per 1 0  days based on expected changes. No assumptions were made concerning 
factoring in the results of previous missions, although i t  is  recognized that fre- 
quencies may be decreased early in the mission and increased later in the mission 
based on such data. 

c. It was assumed that the measurement was made with the stated repetition rate on 
each crew man (X 3). 

d. Initially the measurements were conceived as  taken singularly (See Table 6.2-1. ) 
except for biochemical sampling (blood and urine), iv11ere a single sample sufficed 
for multiple determinations and the time allocated corrected. 

e . Relationships among measurements were next considered. It was considered that 
in the physiological and behavioral area no single measurement ivould ever he made: 
a minimum of two variables would always be measured together to establish some 
relationship. For biochemical analyses i t  was assumed that a singlp sampie w o ~ ~ l d  
be used for more than one determination. As a result the measurement frequency 
table was revised to reflect these measurement commonalities. 

f. The next consideration was equipment commc,nality and automation of data mzmsge- 
ment. Calibration was considered to be semiautomatic. Procedural informztion 
was assumed to be readily available by computer call-up. Sampling and recording 
sequences were assumed automatic in the data management system. Times were 
exarnined and corrected where requirerl, 



Table 6.2 - 1. Preliminary Measurernent/Frequency/Perforn~ance Time 
Estimates for Independent Measures (Measurement Combinations 

for Simultaneous Measures Appears on Table 6.2-2) 

Cardk c ~ t w t  once/man/5 days 

Phonoc ~ r d l o q m m  once/m.mi 5 days 

Alveolar to Arterisl  unce/mao,'5 days 
Gradteal (AAG) 

Vector Cardiugram once,nani5 days 

Replonal Blmd Flow nnce/man/S days 

Arterlal Pulse Contour once/mani 5 days 

Thoracic Blocd Flow once/maniS dzys 

Venous Compliance once/m.m/5 days 

ance/man/S day8 

Oxygen Consumption oncc/man; 10 days 

Resplratnry Rare once/man/lO days 

Lung Volumee once/man/lO days 

once/man/lO days 

once/man/IO days 

once/mm/lO &ye 

Metabolism aal hbtrltlon 

Elec tmmpogram ~ c e / m m / l O  day8 

Energy Metabolism once/mm/lO days 

once/man/lO days 

Core Temperature ance/man/lO days 

Calorlc Intake Each time nutrition taken 

once/men/lO daya 

Oculo l~yrd  IUusInn ooce/mnn/lO days 

Ocular Counter Rolling once/mm/lO dam 

V b u l  Task with Head once/mm/lO da)s 

Agravlc Perce$lon once/mm/lO &y. 

Electro-encephalogram once/mm/lO dsys 

Electzo-nptaipnogram once/mm/lO dog. 

once/rnan/lO days 

Klneathetic 

mce/mm/lO days 

once/man/lO day. 

H w e r  llwugbt Processes once/rnan/lO days 

once/rmn/lO day. 

T h e  and ~4otion -- -- once/men/lO days 

Cllnicsl Evaluation 

LrboratDry Aaalyai. 

onceinan 7 dais 

mW.. ? ddVY 

.To Be Determined P 



g. Finally, the entire l is t  w:is iterated, s ee  Table 6.2-2, particularly with respect 
to repetition rates  and the requirements for tsvo-man operation, i. e. , a subject 
and an experimenter. Total e x ~ e r i m e n t  times were eompzred with total crew time 
availability a s  influenced by vehicle housekeeping recluiremcnts, the continuous 
Command Module duty requirement and the worli-rest cycle. (See Table 6 . 2 - 3 , )  

NOTE 

No explicit account was talien of the effects of 
weightlessness and the ,adequacy of the restraint  
system on performance time. Totals, however, 
have been corrected by a factor of 20% to approx- 
imate this effect, based on zero gravity studies 
in  the li terature and G. E. 's underwater neutral 
buoyancy studies. 

h. The expendables for each measurement were tabulated including weight and space 
requirements for  each. Reusable i tems were studied with respect  to the number 
of uses.  Quantities of liquid and gaseous expendables, e tc . ,  were calculated tc 
provide volumes and weights for storage and resupply assuming a 60-day resupply 
cycle. (See Table 6.3-2. ) 

6 .2 .3  CREW TIME REQUIRED VS AVAILABLE. 

The resul ts  of the preliminary measurement frequency time requirements study a r e  shown 

in Table 6.2-1. The resulting measurement t ime total Table 6.2-3 shows some 896 hours w+~-~. - -  *-,--a------J- *-5_ î--&= -- - - 
required verse 1269 hours available. Thus the recommended measurement, methods, and 

--- - 
frequencies a r e  consistent with the total crew t ime available for experiment performance 

on a biomedical/behavioral mission. 

6.3  IMB LMS LOGISTICS 

6 .3 .1  RETURN CONSIDERATIONS 

It is necessary to return certain laboratory samples, feces,  urine, behavioral films, diaries,  

and log books to c a t h  for further evaluation. Tabln 6.3-1 lists the volumes and weights of 

the recommended return items along with the volumes and weights of the car r ie rs .  Certain 

samples must be kept refrigerated, and others must be kept in the f reezers  at  - 2 0 ' ~  and at 

-70°C. Fo r  these i tems, the 13IE;LILLS refrigerator and freezers can be removed and used 



a s  the sample car r ie r .  The film, diary and log book can be packaged together in a sealed 

metal container while the miscellaneous laboratory analysis i tems including dried feces 

can be pacltaged in a separate container. 

The return vehicle i s  the Command Module. GE has reviewed the NASA MSFC Cluster 

Mission I-Iandbook and ascertained that thcre is a return sample capability for CSM-1 and 

CSM-3 of about 250 pounds and about 10 cubic feet each. Since the total returned volume 

and weight i s  less  than the return capability of the C/M no problem i s  anticipated in this 

area.  It should be pointed out that Table 6.3-1 notes GE has used the currently allocated 

axeas for the listed experiments of AAP Missions 1-4. 

6 . 3 . 2  RESUPPLY CONSIDERATIONS 

Total IMBLMS consumables for a 60-day mission amounts to 100 pounds and occupies a 

volume of approximately 3.0 cubic feet. (See Table 6.3-2.) This includes 1,aboratory 

Analysis consumables replenishment, film cassettes for recording Behavioral Measure- 

ments, and preliminary sample gas replenishment for Physiological PIeasurements. 

The resupply mission is assumed to be a CSM-cargo module, which would be a Saturn IB 

Launch and consist of a Command Service Module, and an unpresaurized cargo module 

launch mounted in the SLA. The packing of these consumables could be handled by a single 

7 cubic foot installation segment, 20 in. x 20 in. x 30 in. with each segment half providing 

3 . 5  cubic feet of storage. This segment would be launch mounted in the cargo module in a 

fashion s imilar  to the mounting method contemplated for the hTDA, Two freezers  and the 

refrigerator would constitute the major part  of one-half the segment, and presumably be 

identical to those brought back on the previous return command module. Furthermore, fne 

returned refrigerator and f reezers  could possibly be reused. The f reezers  and refrigerators 

occupy a volume of approximately 2.5 cubic feet and a weight total of 23.3 pounds. 

Approximately 1 cubic foot of the laboratory analysis consumables would he mounted in the 

freezers  and refrigerator. The behavioral measurement fi lm cassettes the physiologictll 

consumables and the remaining laboratory analysis cons1mables, a total of 2 .0  cubic feet 

would be packaged in the second half of the installatioii segment. 



Additionally, the re  would be about 2.  5 cuhic foot volume potentiallv available fo r  o ther  

new IRlBLhlS m ~ a s r r r e m e n t  eczuipment. The tots! weight of IMBLiliS resupply, included 

the installation segment  s t r u c t u r e  ivcsig,.I~t uculd be about 138 pounc'ls. 



Table 6.2-2. Preliminary Integrated hIeasurernent/Frequency/Performanee 
Time Estimates (Including Stlbject-Experimenter Breakdown) 

Blwd Pressure,  AAG, Phono- / 
ca rd iopam,  Breath-by-Breath 1 
Analysis. Rrsp i r~ t ton  Rate) I 
1 hree  >lodes 

a. Excrclsr (Ereometcr) 

b. Prescrf ied task without 
pressure suit 

c. Resc r ibed  task with 
pressure suit 

Cardiovlscular & !lespirntorv 
hleasurrmmts (02 Consumptton, 
Ventilation. D~lfusion, Perfu- 
sion, mi Cxrdiac Chitput) ' 

Cardiovascuisr -- 
Blood I'l?w - Cuppler 
(Thoracic B l d  Flow, 
Regional B i d  Flow, 
and Arterial Puise 
Contour and Peripheral Venous 
Pressure)  

once/man!lO days 

ance/m-a, 5 days 

I 
I 

Cardiovascular 

(Arterr1 Blood R ~ s r u r e )  I m~ce/manIday I 106 

Cardiovascular 

(Heart Rate. hlood pressure. 
leg volumes plus oral temptra-  
ture) L B W  with and without 

i leotards 

Respiratory I (Pressure, volume. and flow / and lung volume) 

Metabolic 

Muscle Size and Strength and 
EMG) i- 

once/mau/5 days 11 

once/rnan/lO days 6 I 

J l r t a h l i c  'Slrtritioral M e n e v e r  nourish- Variable 
(Caloric Intake) I ment i s  taken 

J l c t ~ l n l i c  'Yutrilion.tl 1 <once,'mm,dsy 53 
(Body ?tlnsj) I 



Table 6.2-2. Prel imhnry Integrated ~~essurement/Frequency/Pe~form31:ce 
Time Estimates (Including Subject-Exyerimenter Breakdowl). (Cont) 

Angular Accelernt!on 
l l~ resho ld  

Oculogyral nlusion 

Ocular Counter Rolling 5 90 

Visual Task with Head 
Rotation 10 60 

Agravic Perception 10 60 60 

Electroencephalogram 5 * 30 

ElecPoaystagmogram 30 

BEtfA'.TOHAL I I 

Sensory Test fbnery 
Vlsual N:A 

Worlas ,  Color, Ahsolute 
Urtgbmcss threuboldu, 
Adaptar;aa) 

Auditory -- 
(Pit& Discrimenation and 
absolute intensity thresholds) 

Kinesthetic Function once/man/lO days 55 

(Propioception, cutaneous) , 
Learned Activity once/man/lO dayr 6 

Reaction t h e  (auditory and 
vtsual 

TracMng (Airsuit and once/man/lO days 6 20 N/A 
compenaamry) 

Vigilance I 
(Blillk rate - attention! once/man/lO days 6 220 N/A 2160 N/A 

Higher Thought Processes once/man/lO days 6 144 X/A 431 N/A 
(Arithmetic, Analogies, 
Problem Solving) 

Memory 
( h g  and short term) once/man/ 10 days 6 144 N/A 432 N/A 

Time and Motion Study once/man/ 10 days 6 30 30 180 0 1 0 1 540 
(CM. OWS, Airlocks, EVA) 

Clinical Evaluatlon once/man/day i**l N/A I 5  A 191 N/A 1 (Intercrew Communications. 
Tests, Data &om other 
measurement) 

LASORATORY ANAI.YSIS 

Bload (Drawing for Preservation) once/man/day 10 65  @ 530 N/A 3445 

Urine (Collection & Storage) once/man/day N/A 13 0 I N/A A :" 1 2120 

f ECES (mlcrobiolo&al once/man/7 days N/A 60 0 1 NiA N/A N/A 480 
sampling and electrolytes) 

FECES (dried mass) / once/man/day 53 NIA 15 0 / ./A El/A N/A 795 

I , , 120 

30 @ 9 6 0 ~ ~  240 , 2880@, 720 W E 4 T  (CoUection & Storage) once/man/7 days 

Slicrohislogical a i d  once/man/7 days N/A '80 @ N/A N/A N/A 1440 
Imrnur~o lo~ icn i  Snrnpling 
(Excluding Feces) 

Speci:~! Preparations (e. .i. ance/man/7 days 8 N/A 120 @ / NlA NjA N I  I 0  
Karyotyping) ---- I - 
E.xperimentzrs time for total sampies 'Preparation Time Only - Recordini: mtil he  nccornplishc.d during 

a Experimenters time for eac5 subject p e r f o m ~ a ~ c e  of other tasks, i. r . ,  ,!reping, hehaviornl 
0 Only 5% of time used for r'me line as scbject can p:wti~i:-tx:e e~pev:mc n t s ,  C-EC. 

in mother rnca;u;unent. " ' T i n o  C;r t ' . . t i  liriiy - olher datn w l l  lie Ror:~ tnr.isur~rnent: in 
,,rbr,r art,%>. 



Table 6.2-3. Preliminary IRfBIJiCIS 3leasurement Integration. Time 
Requirements vs IlIeasurernent Time Available 

me fn Eours For Three Rlen 7 
! Integrated h'ieasures 

TO ta! 
i 

Experimenter 

Time Available = 1269 Hours 

Time Required = 896.2 Hours 

Behavioral 

Laboratory Analyses 

Totals 
: 

Surplus Times  may be allocated for: 

a. Unscheduled maintenance 

b. Jncreasing repetitions for selected measurements 

c. Operational time requirements i. e. , EVA-Resupply-etc. 

d. E r r o r s  in time estimates 

e. Dividing sleeping znd CM activities to degree possible 

154.2 

194.9 

128.7 

28.9 

2 5 . 5  

166.0 

746.8 + 20'; = 896.2 400.6 
- I 

346.2 
* 





Table 6.3-2.  Itesupply Cunsumables 

Laboratory Arlalysis * 

Sampling Equipment 
Sample Containers 

Behavioral Measuremeilt 

Film Cassettes 

Sample Gas Containers 

* See Section 4.0 (Volurne II) for detail breakdown of Iixboratory Analysis 
consumab!es. 


